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(71) We, TOYAMA CHEMICAL CO. LTD., a cofporation or^nisea under 
the laws of Japan, of 1 — i8, Kayabacho, Nihonbashi, Chuo-ku, Tokyo, Japan, do 
hereby declare the invention for which we pray that a patent may be granted to us and 
the method by which it is to be performed to be particularly described in and by the - 
5 following statement:— .,5 

This invention relates to novel penicillins and cephalosporins and to a process for 
producing the same. _ 

The compounds of the present invention have various characteristics including a - 
broad antibacterial spectrum against Gram-positive and Gram-negative bacteria, and 
10 effective antibacterial activity particularly against Pseudomonas aeruginosa, Klebsiella 10 
pneumoniae and Proteus species. Furthermore, the compounds of the present invention 
possess high resistance to ^-lactamase produced from bacteria, and effective anti- 
bacterial activity even against clinical isolates of bacteria which are significant at present 
from the clinical standpoint Accordingly, the compounds of the present invention are 
15 quite effective as therapeutic drugs for human and animal infectious diseases derived 15 
from the above-mentioned pathogenic microorganisms. 

It has heretofore been known that 6-acyiamino penicillanic acids and 7-acylamino- 
cephalosporanic acids having an amino group at the o-position of the acyl group show 
strong antibacterial activity not only against Gram-positive bacteria but also against 
20 Gram-negative bacteria. However, there are the disadvantages that the known com- 20 
pounds described above show substantially no effective antibacterial activity against not 
only Pseudomonas aeruginosa, Klebsiella pneumoniae and Proteus species, which have 
been known as causes for clinically serious infectious diseases but also resistant bacteria 
which are frequently isolated at present from many clinical hospitals. And they tend to 
25 be hydrolyzed with ^-lactamase produced from many drug-resistant bacteria. 25 

With an aim to obtain penicillins and cephalosporins having no disadvantages 
mentioned above, the present inventors conducted extensive studies to find that novel 
compounds of formula (I) which appears hereinafter, which are prepared by bonding 
the moiety, 

IX)„ 

wherein A, X, Y, R 2 , R 3 , n and m are as mentioned hereinafter, to the amino group in 
the acyl group of penicillins and cephalosporins, can sufficiently satisfy the above- 
mentioned aim and have extremely valuable therapeutic effects. 

It is an object of this invention to provide novel penicillins and cephalosporins 
35 containing a mono- or di-oxo- or thioxo-piperazmo(thio)carbonylamino group in 35 
molecule. 

It is another object of this invention to provide novel penicillins and cephalosporins 
having a broad antibacterial spectrum. 

It is a further object of the invention to provide novel penicillins and cephalo- 
40 sporins having high resistance to ^-lactamase produced from bacteria. 40 
It is a still further object of the invention to provide novel penicillins and cephalo- 
sporins having effective antibacterial activity against clinical isolates of bacteria. 

It is a still further object of the invention to provide a process for producing the 
novel penicillins and cephalosporins. 
45 It is a still further object of the invention to provide a pharmaceutical composition 45 

containing the novel penicillins or cephalosporins as active ingredient. 

Other objects and advantages of this invention will become apparent from the fol- 
lowing description. _ — 
The compounds of the present invention are penicillins and cephalosporins repre- '* . 
50 sented by the general formula (I), 50 
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wherein R -represents an amino acid residue; R 1 represents a hydrogen atom, an 
ester-forming group capable of being removed by catalytic reduction, chemical reduction 
or hydrolysis under mild conditions, an ester-forming group capable of being easily 
removed by mamaHum enzymic action, a silicon-, phosphorus- or tin-containing group 

. 5 which is capable of being easily removed by treatment with H 2 0 or an alcohol, or a 5 
conventional salt-forming cation, n represents 1 or 2; nX's, which may be the same or 
different, represent individually an oxygen or sulfur atom, and are linked in any com- 
bination at the 2-, 3- and 5- positions of the piperazine ring; m represents 4-n; each 
pair om R 2 and R 3 is linked to the same carbon atom, and m pairs of R 2 and R 3 , which 

10 may be the same or different, represent individually a hydrogen atom, a halogen atom, a 10 
carboxyl group or an unsubstituted or substituted alkyl, cycloalkyl, aryl, acyl, aralkyl, 
alkoxycarbonylalkyl, acyloxyalkyl, alkoxy, alkoxycarbonyl, cycloalkyloxycarbonyl, aralk- 
oxycarbonyl, aryloxycarbonyl, amino or carbamoyl group, any pair of R 2 and R 3 together 
with a comon carbon atom may form a cycloalkyl ring; A represents a hydrogen atom, 

« c a hydroxy group* a nitro group, a cyano group, or an unsubstituted or substituted alkyl, 15 
alkenyl, alkynyl, alkadienyl, cycloalkyl, cycloalkenyl, cycloalkadienyl, aryl, acyl, aralkyl, 
acyloxyalkyl, alkoxy, cycloaikyloxy, aryloxy, alkoxycarbonyl, cycloalkyloxycarbonyl, 
aryloxycarbonyl, aralkoxycarbonyl, alkylsulfonyl, cycloalkylsulfonyl, arylsulfonyl, carb- 
amoyl, thiocarbamoyl, acylcarbamoyl, acylthiocarbamoyl, alkylsulfonylcarbamoyl, aryl- 

20 sulfonylcarbamoyl, alfylsulfonylthiocarbamoyl, arylsulfonylthiocarbamoyl, sulfamoyl, 20 
alkoxycarbonylthioalkyl, alkoxyduocarbonylthioalkyl, amino or heterocyclic group; Y 
represents an oxygen or sulfur atom; and 

CH, \ 
Z represents C or 
' CH S // 

where R* represents a hydrogen atom, a hydroxy group, a cyano group, an azido group, 
~ c a quaternary ammonium group, or an unsubstituted or substituted alkoxy, ^y}oxf 9 25 
25 aralkoxy, acyloxy, carbamoyloxy, guanidino, amino, alkylthio, arylthio, aralkyltino, 
acylthio, thiocarbamoylthio, alkoxythiocarbonykhio, aryloxythiocarbonylthio, cyclo- 
alkyloxythiocarbonylthio, amidinothio or heterocyclylthio group. 

In the above-mentioned general formula (I) R represents an amino acid residue. 
u\ Examples of such amino acid residue include residues of ammo acids derived from JU 
various aliphatic, araliphatic, aromatic, alicyclic and heterocyclic compounds, which 
amino acids may have the amino group at a position such as <z- 9 fi- or y-position to the 
carboxyl group. Preferable as said R is an a-amino acid residue represented by the 



35 



45 



formula 

R* 



35 



wherein R 5 is an alkyl group such as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, 
or octyl; a cycloalkyl group such as cyclopentyl, cyclohexyl, or cycloheptyl; a cyclo- 
alkenyl group such as cyclopentenyl, or cyclohexenyl; a cycloalkadienyl group such as 40 
40 cyclopentadienyl, or cyclohexadienyl; an aryl group such as phenyl or naphthyl; an 
aralkyl group such as benzyl or phenetyl; an aryloxy group such as phenoxy or napn- 
thoxy; an alkylthioalkyl group such as methylthiomethyl, ethylthiomethyl, methylthio- 
ethyl or ethyltfaioethyl; or a heterocyclic group such as furyl, tbienyl, oxazolyl, thiazolyl, 
isoxazolyl, isothiazolyl, imidazolyl, pyrazolyl, pyridyl, pyrazyl, pynmidyl, pyridazy , 45 
quinolyL isoquinolyl, quinazolyl, indolyl, indazolyl, 1,3,4-oxadiazoyl, 1,2,4-oxadiazolyl, 
1,3,4-thiadiazoryl or 1,2,4-thiadiazolyl; each group represented by said R a may be 
substituted by various groups, for example, halogen, hydroxy, nitro, alkyl, alkoxy, alkyl- 
thio, acyl, or alkylsulfonylamino; R° represents a hydrogen atom; and R and K 
cn together with a common carbon atom may form a cycloalkyl ring such as cyclohexyl or 50 
cycloheptyl; a cycloalkenyl ring such as cyclopentenyl or cyclohexenyl; or a cycloalka- 
dienyl ring such as cyclopentadienyl or cyclohexadienyl. 

In the general formula (I), R l is a hydrogen atom, a blocking group or a salt- 
forming cation. The blocking group may be any of those which have heretofore been 
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used in the field of penicillin or cephalosporin type compounds. Concretely, the block- 
ing group includes (1) ester-forming groups capable of being removed by catalytic 
reduction, chemical reduction or hydrolysis under mild conditions e.g. arylsulfonylalkyl 
groups such as toluene-sulfonylethyl, substituted or unsubstituted aralkyl groups such fc A 
5 as benzyl, 4-nitrobenzyl, diphenylmethyl, trityl and 3^di(tert.«-butyl)-4-hydroxy- 5 
benzyl; substituted or unsubstituted alkyl groups such as tert.-buiyl, trichloroethyl, 
phenacyl groups; alkoxyalkyl groups such as methoxymethyl; and unsubstituted or % 
alkyl-substituted cyclic aminoalkyl groups such as piperidinoethyl, 4-methylpiperidino- " 
ethyl, morpholinoethyl or pyrrolidinoethyl, (2) ester-forming groups capable of being 
10 easily removed owing to enzymes in a living body, e.g. acyloxyalkyl groups such as 10 
pivaloyloxymethyl; phthalide group; and indanyl group; (3) silicon-containing groups, 
phosphorus-containing groups and tin-containing groups which are capable of being 
easily removed by treating with H 2 0 or an alcohol, such as 

r<\ c 2 H 5 p 

<CH 3 )jSi-, I >- , or (C<H 9 ),Sn- , 

L 0' c 2 H 5 0 X 

15 The examples of the blocking groups mentioned in above (1), (2) and (3) are merely 15 
STl?^^ other ^^Pies are disclosed in U.S. Patents 3,499,909; 3,573,296 and 
3,641,018 and DOS 2,301,014; 2,253,287 and 2,337,105 and may be used in this 
invention. The salt-forming cation includes conventional cations which have heretofore 
been known in the field of penicillin or cephalosporin type compounds, ad preferable 

20 are those capable of forming non-toxic salts. The salts include alkali metal salts such as 20 
the sodium salt or the potassium salt; alkaline earth metal salts such as the calcium salt 
or the magnesium salt; ammonium salt; and salts with nitrogen-containing organic 
v?vT S i£ procaine, dibenzylamine, N-benzyl-jS-phenethylamine, 1-ephenamine, or 
N,N-dfbeiizylethylenediamine. In addition to the above cations, there may be used 

25 cations capable of forming the salts with other nitrogen-containing organic bases, such 25 
as trnnethylamine, triethylamine, tributylamiue, pyridine, dhnethylaniline, N-methyl- 
piper-idine, N-methyimorpholine, diethylamine, or drcydohexylamine. Furthermore, 
the. cation includes quaternary ammonium groups formed at the 3-position of cephem 
ring, such as pyridinium, quinolinium, isoquinolinium and pyrimidinium. In this case, 

30 a betaine structure is formed in the molecule. ■ 30 

In the general formula (I), m pairs of R 2 and R 3 , which may be the same or 
different, represent individually, a hydrogen atom; a halogen atom such as fluorine, 
chlorine or bromine; a carboxyl group; an alkyl group such as methyl, ethyl, propyl, 
butyl, pentyl, hexyl, heptyl and octyl; a cydoalkyl group such as cyciopentyl, cyclo- 

35 nexyl or cycloheptyl; an aryl group such as phenyl or naphthyl; an acyl group such as 35 
acetyl, propionyl, butyryl or benzoyl; an aralkyl group such as benzyl or phenethyl; an 
alkoxycarbonylalkyl group such as methoxycarbonylmethyl or ethoxycarbonylmethyl; 
an acyloxyalkyl group such as acetyloxymethyl, propionyloxymethyl, pivaloyloxymethyl 
or benzoyloxymethyl; an alkoxy group such as methoxy, ethoxy, propoxy or butoxy; an 

40 alkoxycarbonyl group such as methoxycarbonyi, ethoxycarbonyl or propoxycarbonyl; a -40 
fflrt yl ■ group 38 ^Pentyloxycarbonyl, cyclohexyloxycarbonyl or 
%%^°T^? nYU "\ ara ^xycarbonyl group such a/ benzyloxycarbonyl or 
phenethoxycarbonyl; an aryloxycarbonyl group such as phenoxycarbonyl or naphthoxy- 
carbonyl; an amino group such as amino, N-alkylamino (e.g. N-methylamino, N-ethyl- 

45 N-propylaimno or ;N-butyIamino), N,N-dialkylamino (e.g. N,N-dime^ylamiio, 45 

N^ethylammo or N,N-dibutylamino), N-acylamino (e.g. N-a<itylamino, 4 
pionylammo, N-butyrylammo or N-benzoylamino), and cyclic amino (e.g. pyrroli&o 
pipendmo, or morpholino) ; and a carbamoyl group such as carbamoyl, N-metbylainino- = 
carbony , N-e^ylammocarbonyl, N^-dimethylaminocarbonyl or N,N-diethylamino- 1 

50 caxbonyl. Further, R 2 and R 3 together with a common carbon atom may form a cyclo- '50 ' 
alkyl ring such as a cyciopentyl, cyclohexyl or cycloheptyl group. Each of the groups 
mentioned above for said R 2 and R 3 may be substituted by various substituents, for 
example, halogen atoms, or alkyl, alkoxy, alkylthio, acyl or nitro groups. 
^ general fonnula W> A represents a hydrogen atom; a hydroxy group; a 

55 nitn> group a cyano group; an alkyl group such as methyl, ethyl, propyl, isopropyh 55 
butyl, pentyl, hexvl, heptyl, octyl, or dodecyl; an alkenyl group such as vinyl, propenyl 
or butenyl; an alkynyl group such as propaigyl; an a&adienyl group such as 1,3-buta- 
dienyl or 1,3-pentadienyl; a cycloalkyl group such as cyciopentyl, cyclohexyl or cyclo- 
heptyl; a cycloalkenyl group such as cyclopentenyl or cyclohexenyl; a cycloalkadienyl 
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group such as cyclopentadienyi or cyclohexadienyl; an aryl group such as phenyl or 
naphthyl; an acyl group such as formyl, acetyl, propionyl, isovaleryl, caproyl, enanthoyl, 
capryloyC palmitoyl, stearoyl, acryloyl, cyclohexanecarbonyl, benzoyl, phenylglycyl, 
furoyl or thenoyl; an aralkyl group such as benzyl or phenethyl; an acyloxyalkyl group 
s such as acetyloxyethyl, pivaloyloxymethyl or benzoyloxymethyl; an alkoxy group such 5 
as methoxy, ethoxy, propoxy or butoxy; a cycloalkyloxy group such as cyclopentyloxy, 
cyclohexyloxy or cycloheptyloxy; an aryloxy group such as phenoxy or naphthoxy; an 
alkoxycarbonyl group such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl or 
butoxycarbonyl; a cycloalkyloxycarbonyl group such as cyclopentyloxycarbonyl, cyclo- . 
i ft hexyloxycarbonyl, or cydoheptyloxycarbonyl; an aryloxycarbonyl group such as phen- 10 
oxycarbonyl or (1- or 2-)naphthoxycarbonyl; an aralkoxycarbonyl group such as benz : 
yloxycaibonyl or phenethoxycarbonyl; an alkylsulfonyl group such as methanesulfonyl, 
ethanesulfonyl, propanesulfonyl or butanesulfonyl; a cycloalkylsulfonyl group such as 
cyclopentanesulfonyl or cyclohexanesulf ony 1 ; an arylsulfonyl group such as benzene- 
<5 sufonyl or (1- or 2-)naphthalenesulfonyl; a carbamoyl group such as carbamoyl, N- 15 
alkylaminocarbonyl (e.g. N-methylaminocarbonyl, N-ethylaminocarbonyl, N-propyl- 
aminocarbonyl or N-butylaminocarbonyl), N-arylaminocarbonyl (e.g. N-phenyiamino- 
carbonyl), N^-dialkylaminocarbonyl (e.g. N,N-dimethylaminoo*rbonyl or N,N- 
diethylaminocarbonyl), cyclic amino carbonyl (eg. pyrrolidinocarbonyl, piperidino- 
carbonyl or morpholmocarbonyl) ; a thiocarbamoyl group such as thiocarbamoyl, N- 20 
alkylaminothiocarbonyl (e.g. N-methylaminothiocarbonyl, N-ethylaminothiocaibonyl or 
N-propylaminothiocarbonyl), N-arylaminothiocarbonyl (e.g. N-phenylaminothio- 
carbonyl), N,N-dialkylaminothiocarbonyl (e.g. N,N-dimethylaminothiocarf)onyl or 
N,N-diethylaminothiocarbonyl), or cyclic aminothiocarbonyl (e.g. pyrrolidinothio- 
25 carbonyl, piperidinothiocarbonyl or morpholinothiocarbonyl) ; an acylcarbamoyl group 25 
such as N-acetylcarbamoyl, N-propionylcarbamoyl, N-butyrylcarbamoyl, N-benzoyl- 
carbamoyl, N-furoyicaramoyl, or N-thenoylcarbamoyl; an acylthiocarbamoyi group 
such as N-acetylthiocarbamoyl, N-propionylthiocarbamoyl, N-butyrylthiocarbamoyl, 
N-benz^lthiocaAamoyl, N-naphthoylthiocarbamoyl, N-furoylthiocarbamoyl or N- 
30 thenoylthiocarbamoyl) ; an alkylsutf onylcarbamoyl group such as methanesulfonylamino- 30 
carbonyl, ethanesulfonylaminocarbonyl or butanesulfonylaminocarbonyl; an arylsulfonyl- 
carbamoyl group such as benzenesulfonylaminocarbonyl or (1- or 2-)naphthalenesul- 
fonylaminocarbonyl; an alkylsulfonylthiocarbamoyl group such as methanesulfonyl- 
aminothiocarbonyl, ethanesulfonylaminothiocarbonyl or butanesulfonylaminothiocaib- 
35 onyl; an aiylsulfonylthiocarbamoyl group such as benzenesulfonylaminothiocarbonyl or 35 
naphthdenesiilfonylaminothiocarbonyl; a sulfamoyl group such as sulfamoyl, N-methyl- 
sulfamoyl, N-ethylsulfamoyl, N-propylsulfamoyl, N-butylsulfamoyl, N,N-dimethyIsulf- 
amoyl, N 3 N-diethylsulfamoyl, N^-dipropylsulfamoyi, N,N-dfotaylsulfamoyl, N- 
phenylsulfamoyl, N-benzylsulfamoyl, N-cyclopentylsulfamoyl or N-cyclohexylsulf- 
40 amoyl; an alkoxycarbonylthioalkyl group such as methoxycarbonylthiomethyl, ethoxy- 40 
carbonylthiomethyl, propoxycarbonylthiomethyl, butoxycarbonyltihiomethyl or meth- 
oxycarbonylthioethyl; an alkoxythiocarbonyhhioalkyl group such as methoxythiocarb- 
onylthiomethy], ethoxythiocaibonylthiomethyl, propoxythiocarbonyhhiomethyl, butoxy- 
thiocarbonylthiomethyl or methoxythiocarbonylthioetnyl; an amino group such as 
45 amino, N-alkylamino (e.g. N-methylamino, N-ethylamino, N-propylamino or N-butyl- 45 
amino), NJtf-dalkylamino (e.g. N,N-dimethylamino, N,N-diethylamino or N,N- 
dibutylamino), N-acylamino (e.g. N-acetylamino, N-propionylamino, N-butyrylamino 
or N-benzoylamino), or cyclic amino (e.g. pyrrolidino, piperidino or morphoflno) ; or a 
heterocyclic group such as thiazolyl, pyridyl, pyridazyl, pyrazyl, thiadiazolyl, triazolyl, 
50- tetrazolyl or quinolyl. Each of the groups mentioned above for A in formula (I) may 50 
be substituted by any of such substituents as, for example, halogen atoms, hydroxyl 
groups, alkyl groups, alkoxy groups, alkylthio groups, nitro groups, cyano groups, amino 
groups (e.g. dialkylamino or cyclic amino), carboxyi groups and acyl groups. 

The quaternary ammonium groups for R* include pyridinium, quinolinium, iso- 
5 c quinolinium and pyrimidinium. Further, the organic group which is linked through O, 55 
N or S for R 4 includes alkoxy groups such as methoxy, ethoxy or propoxy; aryloxy 
groups such as phenoxy or naphthoxy; aralkoxy groups such as benzyloxy or phen- 
ethoxy; acyloxy groups such as acetyloxy, propionyloxy, butyryloxy, benzoyloxy, naph- 
thoyloxy, cyclopentanecarbonyloxy, cyclohexanecarbonyloxy, furoyloxy or thenoyloxy; 
50 carbamoyioxy groups such as carbamoyloxy, N-methylaminocarbonyloxy, N,N- 60 
dimethylaminocarbonyloxy, N-acetylaminocarbonyloxy, phenylaminocarbonyloxy, 
benzylaminocarbonyloxy or cyclohexylaminocarbonyloxy; guanidino groups such as 
guanidino or N-methylguanidino; amino groups such as amino, N-alkylamino (e.g. N- 
methylamino, N-ethylamino, N-propylarnino, N-butylamino, N-cyciohexylamino or N- 
65 phenylamino), N,N-dialkylamino (e.g. N,N-dimethylamino, N,N-diethylamino or 65 
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N,N-dibutylamino), and cyclic amino (e.g. pyrrolidino, piperidino Or morpholino); 
alkylthio groups such as methyltbio, ethyhhio or propylthio; aryhhio groups such as 
phenylthio or (1- or 2-)naphthylthio; aralkylthio groups such as benzylthio or phen- 
ethyhhio; acylthio groups such as acetylthio, propionyithio, butyrylthio, benzoylthio, 
(1- or 2-)naphthoylthio, cyclopentanecarbonylthio, cyclohexanecarbonylthio, furoylthio, 
thenoylthio, isothiazolecarbonylthio, isoxazolecarbonylthio, thiadiazolecarbonylthio or 
triazolecarbony Ithio ; thiocarbamoylthio groups such as thiocarbamoylthio, N-methyl- 
thiocarbamoylthio, N,N-diethylthiocarbamoyhhio 3 1-piperidino-thiocarbonylthio, 1- 
morpholinothiocarbonylthio or 4-methyl-l-piperazinothiocarbonylthio; alkoxythiocar- 
bonyhhio groups such as methoxythiocarbonylthio, ethoxythiocarbonylthio, propoxythio- 
carbonylthio or butoxythiocarbonylthio; aryloxythiocarbonylthio groups such as phen- 
oxythiocarbonylthio ; cydoalkyloxythiocarbonylthio groups such as cydohexyloxythio- 
carbonylthio; amidinothio groups such as amidinothio, N-methylamidinothio or N,N'- 
dimethylamidinothio; and heterocydic thio groups such as oxazolylthio, thiazolylthio, 
15 isoxazolylthio, isothiazolylthio, imidazolylthio, pyrazolylthio, pyridylthio, pyrazinylthio, 15 
pyrimidinylthio, pyridazfoylthio, quinolylthio, isoquinolylthio, quinazolylthio, indolyl- 
duo, indazolylthio, oxadiazolylthio, thiadiazolylthio, triazolylthio, tetrazolylthio, tri- 
azinylthio, benzimidazorylthio, benzoxazolylthio, bcnzothiazolylthio, triazolopyridyl- 
thio, purinykhio, pyridine-l-oxide-2-ylthio or pyridazine-l-oxide-6-ylthio. Each of the 
20 groups mentioned above for R 4 may be substituted by any of such substituents as, for 20 
example, halogen atoms, alkyl groups, alkoxy groups, alkylthio groups, nitro groups, 
cyano groups* acylamino groups, acyl groups, carboxyl groups or carbamoyl groups. 

The above-mentioned compounds of formula (I) of the present invention have 
their optical isomers, and all of D-isomers, L-isomers and racemic compounds thereof 
25 are involved in the scope of die present invention. 25 
In the present invention, preferable compounds of the general formula (I) are as 
follows: 



A-n' N-C -NH -CH-CGNH-1 f % \ (ta) 

3 0 COOR 1 
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wherein R 1 , R*, R a , A, R* and 

Z 

/ 

are as defined above. 

The compounds of formula (I) of the present invention are produced according to 
either the process ( 1 ), (2) or (3) described below. 

Process (1): . 
A process comprising reacting a compound represented by the general formula 

(II), 



R T -NH -R - CONH — | f S N 

10 with a reactive derivative in the 



z (in 



0 COOR 



— O-OH 



group (hereinafter refered to as " (thio)carboxyl group") of a compound represented 
by the general formula (III), 

<x>n 

/4-n tun 

A- N N- C - OH 

yy Q 

(R> R') m Y 

15 Process (2): a % % 

A process comprising reacting a compound represented by the general formula 

(IV), 



(IV) 



„ N / ^\-C -NH-R-CONH 



COOR' 
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R' - HN — i f S ^ 

0 ToOR' 

with a compound represented by the general formula (V), 

20 A.M^Kl-C -NH-R-C-OH (V) 20 

or with a reactive derivative in the 

— C— OH 



group (hereinafter referred to as " carboxyl group ") of the compound of formula 

(V) . 

25 Process (3): ^ . _ , * , 25 

A process comprising reacting a compound represented by the general formula 

(VI) , 

(X) n 

s 
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with a compound represented by the general formula (VII), 

R 8 M (VII) 

or with a tertiary amine. 

In the above-mentioned formulas (II) to (VI), R, R 1 , R a , R 3 , R*, X, m, n, A, Y . 
5 and 5 

\ 

y 

are as defined above; and R r represents a hydrogen atom, a silicon-containing group or 
a phosphorus-containing group, these silicon-containing and phosphorus-containing 
groups having the same meanings as mentioned above for R 1 . " 10 

10 In the aforesaid formula (VI), B represents a substhuent capable of being easily 

replaced by a nucleophilic reagent, and includes, for example, halogen atoms such as 
chlorine or bromine; lower alkanoyloxy groups such as formyloxy, acetoxy, propionyt- * 
oxy, butyryloxy or pivaloyloxy; arylcarbonyloxy groups such as benzoyloxy or naph- 
thoyloxy; arylcarbonylthio groups such as benzoylthio or naphthoylthio; carbamoyloxy 15 

15 groups; heteroaromatic amine N-oxide thio groups having a thio-group on the carbon 
atom adjacent to the N-oxide group in the molecule, such as pyridine-l-oxide-2-ylthio 
or pyridazine-l-oxide-6-ylthio. Each of the groups mentioned above for B may be sub- 
stituted by any of such substituents as, halogen atoms, nitro groups alkyl groups, alkoxy 
groups, a&ylthio groups or acyl groups. 20 

20 In formula (VII), R* represents a cyano group, an azido group or an organic 

group linked through O, N or S, and this organic group is the same as mentioned above 
for R*. 

In the formula (VII), M represents a hydrogen atom, an alkali metal or an alkaline 
earth metal. The tertiary amine used in the process (3) includes pyridine, quinoline, 25 
25 isoquinoline or pyrimidine. These tertiary amines may be substituted by various substi- 
tuents such as halogen, lower alkyl or carbamoyl. 

As the compound (II), there may be used any of D-isomer, L-isomer or racemic 
compound. 

As the reactive derivative of the (thio)carboxyl group of the compound of formula 30 
30 (II), there is used a reactive derivative of a carboxylic acid which is ordinarily 
employed for the synthesis of acid amide compounds. Examples of the reactive deriva- 
tive are acid halides^ acid azides, acid cyanides, mixed acid anhydrides, active esters or 
active amides. Particularly preferable examples thereof are acid halides such as acid 
chlorides or acid bromides, and active esters such as cyanomethyl ester or trichloro- 35 
35 methyl ester. 

The reactive derivative of the (thio)carboxyl group of the compound of formula 
(III) can be easily obtained by reacting, for example, an oxopiperazine or thioxopiper- 
azine of formula (VIII) synthesized according to the process of the literature references 
described below, with phosgene, thiophosgene, or trichloromethyl ester of chloroformic 40 
40 acid, 

A- N NH (Vfll) 



wherein A, X, R s , R 3 , m and n are as defined previously. 

Literature references: 

V. G. Granik, Khim-Farm. Zh., 1(4), 16—19 ( 1967) (Russ) ; 
45 Samuel R. Aspinall, J. An. Chem. Soc., 62, 1202—4 (1940); d c 

Kuniyoshi MASUZAWA, Pharm. Bull (Japan), 38 2078—2081 (1966); 
Arthur P. Phillips, Ger. 1 135472, Aug. 30 ( 1962) ; 
J. L. Riebsomer, J. Org. Chem., IS 68—73 (1950) ; 
Jongkees, Rec. trav. Chim., 27 305; 
50 Patric T. Izzo, J. Am. Chem. Soc, 81 4668—4670 ( 1959) ; and 

B. H. Chase & A. M. Downes, J. Chem. Soc, 3874—3877 (1953). 
Concrete examples of the compound of formula (VIII) and the reactive derivative 
of (thio)carboxyl group of the compound of formula (III) are as set forth in Table 1 
and Table 2, respectively, but it is needless to say that these are not limitative. 
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AN NH 

w 

(R 2 R5) m 



(VIII) 



Compound 


m.p. (recry- 
stallization 
solvent ) 


IR 

(cm" 1 ) 


0 

rA. 

HN NH 
\ i 


136°C (V 
u 


\ Vc =0 1640 
"NH >4? u - 


0 CH3 

H 
HN NH 


b.p. 143°C/1 mmHg 
oily material 


V c=0 1650 
'NH *^ 00 - 


0 

Vv 
HN NH 

ch 3 


b.p. 122 - 

125°C/2 mmHg 

140 - llfl°C (IPA) 


V c=0 lfi 50 - 1630 
Vjjh 3260, 3170 


0 CH-i 

HN NH 

H 
CH3 


85 - 86°C (IPA - 
IPE) 


Vc=o 1660 ~ 1620 


0 CH 2 C02C 2 H5 
HN W NH 


105 - 106°C (AcOEt) 


V C =o 1710, 1640 
V^NH 3300, 3190 


0 

CH3COKJIH 


112 - 113°C ( (O) ) 


^0=0 1645, 1625 
^NH 3380, 3220 


0 
A 

CIC^CON^JSIH ! 


129 - 130°C (IPA) 


Vc=0 l g 50, 1630 
V^NH 5270 



- cont'd - 
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I 



C1 2 CHC0N^NH 




V c=0 1660-1630 
\>UH 3280 


0 

CH 3 (CH 2 )i 3 CH 2 CON^jra 


Qfi — on°n fppi N 

"° 7/ v/ v^ul^; 


Vt=0 1670, 1640 
Vuh 3200 


0 

CH 3 (CH 2 ) 5 CH 2 C01^J9H 


RO — ftl °P f TPT?^ 
ov/ — ox v, x irHj j 


Vij=0 l 660 » 1620 
Vnh 3250 


0 

CH 3 ( CH 2 ) ^H^OT^JIH 


\jy W*f w \ J. JT-D J 


Vc = o I 660 . !620 
3250 


0 

CH3 (CH 2 ) 3 CH 2 CON w NH 




Vg=o 1660, 1620 
Vnh 3250 


0 


POS - ^H^P f T PA ^ 


V C= o 1670, 1620 
Vnh 3250 


0 

/"A f 
\@-C0N^NH 




Vc=o 1640 » 1600 
Vmh-3250 


0 

Cl-@-C0lTj3H 


146 - 1W8°C (IPA) 


V C= o 1650, 1620 
V^NH 5200 . 


0 

CH 3 -@-C0/jJH 


118 - 120°C (IPA) 


V c=0 1660, 1620 
>l m 3200 


CH 3 0 0 

CH 3 0-@-C0N^JIH 

CH 3 0 


182 - 185°C (IPA) 


Vc =0 1670, 1600 
V^h 3200 



- cont'd - 
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CI 0 
Cl-^-CON^Jffl 


Oily material 


V^C=0 16 5°t 1620 
3200 


Y< 

CHACON NH 


124 - 120 C \ KJJ J 


^0=0 1650, 1630 
V^NH 3225 


* 

0 

CH3SO2H HH- 


167 - loo C \EtOH; 


V c=0 1680 

vnh ^uu 

Vs0 2 N< 1310, 1140 


0 
i-K 

CHjCONHCON^JSfH 


17o - 179 C v|0|) 


V c=0 1680, 1650, 
1620 

V NH 3300 


0 

^-NHCON^NH 


or "QQ^n / A/»ni7f\ 

85 - 00 C (AoOhX) 


Vc=o 1660, 1640 
Vjjh 3300, 3200 


0 

CHjCHgOCON^Jffl 


81 - 82 c ( 1 ; 


V c=0 1690 - 1650 

Vnh 3200, 3050 


0 
A 

(CH^3CO-OCH 2 -\jra 


189 - 190 C (IPA) 


Vc=o 1650 ' 1620 
V NH 3250 


HN_jra 


(Acetone) 


V C=0 1660 

Vnh 3200 


0 

CH 5 (CH 2 ) 4 CH2-N w NH 


Oily material 


V c=0 1650 - 1630 

Vnh 3270 


J 

CH3 ( CH 2 ) 2 CH 2 -N_JIH 


Oily material 


Vnh 3250 

V c=0 1650 - 1630 



- cont'd - 
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0 

, v ^ 
CH 3 (CH 2 ) 2 CH 2 -N_NH 

CH, 

j 


Oily material 


\t c=Q 1650 - 1620 


0 

CH,(CH 2 ) 6 CH 2 -N NH 


Oily material 


Vjffl 3270 

Vc = o 16 50 - 16 30 
Hydrochloride 
1680 

V NH 3200, 3080 


0 . CH* 

M 3 

riTj rinM. Mil 

> \ t 


Oily material 


v^ c =o 168 o 

V NH 3300 


0 

t O VwUPHT^r NTT 


Oily material 


V c=0 1720, 1640 
V NH ^ 00 


0 

-> v / 


b.p. 104°C/4 mmHg 


vk=0 1620 
Vjjh 3275 


0 


Oily material- 


\/ c=0 1610 
VjIH 3250 


0 


Oily material 


V^ c=0 1610 
V NH 3250 


0 

(CH 5 ) 2 CH-N^NH 


Oily material . 


^=0 1610 

Vjjh 3400 - 3200 


0 

CH 5 (CH 2 ) 5 CH 2 " N w NH 


Oily material 


V c=0 1620 
4i 3270 


0 

CH 3x ^ 

.CHCHpCHp-N NH 
CH 3 ^ 2 2 ^ 


Oily material 


V c=0 1620 
Vjjh 3270 



- cont'd - 
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0 

CH,(CH9).CH Q -N NH 


Oily material 


V c=0 1620 
V> NH 3270 


0 

CH,(CH 9 )cCHo-N NH 


Oily material 


^0=0 1620 
Vhh 3270 


0 

CH^(CH ? ) fi CHo-N NH 


Oily material 


^0=0 1620 
Vnh 3270 


0 

C%(CH 2 )ioCH 2 -N NH 


Oily material 


V c=0 1 6 20 
^nh 3270 


[h^-n_jih 


Oily material 


V c=0 162 o 
V>nh 3300 


0 CH-i 

W 5 

CH 3 ( CH 2 ) 2CH 2 -N MH 


Oily material 


V c=0 16 30 
l m 3300 


n 
u 

CH 5 (CH 2 ) 2 CH 2 -N_NH 
CH 3 


Oily material 


V c=0 16 30 
Vnh 3300 


0 

CH 3 (CH 2 )2CH2-\_NH 
CH 3 


Oily material 


\/ c=0 1630 
^NH 3200 


0 


157 - l58°c 


V^c=0 lg 30 
^NH 3300 



- cont'd - 
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0 OH-* 
HoNCO-N NH 

V — / 


Oily material 


V c=0 1700 

^NH 3400 - 3250 


0 

HOCHgCHg-N^NH 


b.p. 183- l85°C/2mmHg 


V^c=o 1620 


0 

CH 2 =CHCH 2 -N^NH 


Oily material 


V c=0 1650 
VnH 3300 


CH2=CHCH-N ^_MH 
CHj 


Oily material 


V c=0 1620 
VnH 3300 


A 

v . 

CH 2 =CCH 2 -N_NH 
CHj 


Oily material 


^C=0 1640 
Vnh 3300 


0 

CH^CHCH^N^NH 
CH 5 


Oily material 


V C=0 1660 
Vnh 3350 


0 

0 NCH 2 -N NH 


Oily material 


^0=0 1630 
' Vnh 3300 


0 

CH3CO-N NH 
0 


184 - 185°C (EtOH) 


Vc=0 1690 - 1650 
v'uh 3190, 3050 


{oVcon'^nh 

0 


177 - 178°C (EtOH) 


Vc=0 1680 - 1650 
^NH 3190, 3050 
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0 

CH3-N NH 
0 


142 - l*f3°C (IPA) 


^C=0 1680 - 1620 
3200 


0 

@-CH 2 -N NH 

U 


209°C (IPA) 


\/ c _ 0 1660 - 1630 
V>NH 3230 


0 0 
CH,-1?~NH 


158°C (IPA) 


Vc=0 1695, 1660 
V^NH 3220 


0 0 

CH 5 C00CH 2 CH2-N^NH 


Oily material 


V c= o 1730 - 1650 

^ "3300"- 3200 


0 0 
CH3CH2-N NH 


124°C (Q) 


V^ c=0 1680, 1650 
Vhh 3250 


0 0 

\4 

CH*CH?CH?-N NH 


98 - 100°C 


^=0 1680, 1650 
V^uh 3200, 3100 


0 0 

W 

CH-z(CH 2 ) ? CHp-N NH 


111 - 113°C (CCl^) 


^C=0 1695, 1670 
VNH 3240, 3150 


0 0 

Y4 

(CH,) 2 CH-N NH 


166 - 167°C (f°1 ) 


^0=0 1650 

V'HH 3300 - 3200 


0 0 

CH 3 (CH 2 )3.CH2-N HH 


104 - 106°C (IPE) 


V*c=0 1700, 1660 
VnH 3200, 3100 


°* 0 

H 

CH 3 (CH 2 ) 4 CH 2 -N NH 


111 - 115°C (IPE) 


Vc=o 1700, 1660 
J m 3200, 3100 { 



- cont'd - 
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0 0 

CH 3 (CH 2 ) 5 CH 2 -N_^NH 


112 - 115°C (IPE) 


^C=0 1700, 1660 
vW 3200, 3100 


0 0 

CH3(CH 2 ) 6 CH 2 -I^jra 


116 - 120°C (IPE) 


Vc = q 1700, 1660 
^NH 3225, 3100 


0 0 

CH 2 =CHCH 2 -H_JIH 


136 - 137°C 

(Acetone) 


^C=0 16 80, 1655 
^NH 3200, 3100 


0 0 
(0)~N^JJH 


202 - 20V°C (I PA) 


V c=:0 1690, 1645 
Vnh 3260 


0 . 0 

U 

C1CH 2 CH 2 NJ!TH 


128 - 129°C (EtOH) 


Vc=o 1 700 - 1650 
^NH 3200 - 3100 


0 0 

CH 3 CH 2 -N_NH [ 
CH 5 


127 - 128°C (AcOEt) 


^r-n 1660 

^NH 3200, 3080 


0 0 
CH3-N NH 


146 - li+7°C (f J) 
0^ 


^C=0 1660 

V NH 3200, 3100 


HyJSH 
0 


183 - 185°C (EtOH) 


Vc=0 1720, 1660 
Vnh 3320, 3175, 
3050 


^0)-CH 2 -N NH 
0 


96 - 99°C 

(IPA-n-Hexane) 


^0=0 1720, 1660 
^NH 3330 



- cont'd - 
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Cl 5 CCH 2 OCO-N NH 
0 


143 - 1>+6 0 C (IPA) 


V^c=0 1765, 1720, 

1680 
>W 3350 


o 

HN NH 
0 


210 - 212°C (MeOH) 


Vnh 3380, 3290, 
3070 


V4-CH3 
HN^JIH 

0 


132 - 133°G (EtOH) 


V C =o 1715, 1685 
3275, 3170 


(C^CH 2 -N^JJH 5 

o ! 


98 - 100°C (IPA) 


V c=0 3-715, 1665 
Vnh 3360 



Note: IPA = (CH 5 ) 2 CHOH 

IPB = (CH 3 ) 2 CHOCH(CH 5 ) 2 
AcOBt = CH 5 COOCH 2 CH3 
EtOH = CHjCH^OH 
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(X)n v 

Reactive derivatives of A-N N-COH (III) 



<R 2 R 3 ) m 



Compound 


Physical property 


I.R. (cm- 1 ) 


0 
rA 

CH-xCO-N N-C0C1 
J \ / 


Oily material 


V C=0 ^SO, 1710, 
1640 


u 

C1CH 2 C0-N^N-C0C1 


tt 


^C=0 1790, 

1730 - 1650 


0 

rA ! 

Cl 2 CHC0-NJtf-C0Cl 


ii 


V C=0 i™ 0 * 

1730 - 1650 


CH^ ( CHg ) 15 CH 2 CO-N^Jf-COC 


1 


^C=0 J-l*fW| -LOOVJ| 

1640 


0 

CHj ( CH 2 ) 5 CH 2 CO-N^JI-C 0C1 


11 


V C =o 1740, 

1680 - .1640 


0 

CH 5 (CH 2 ) 4 CH 2 C0-N^N-C0C1 


If 


)/ c=0 1740, 

1680 - 1640 


0 

CH 5 (CH 2 ) 5 CH 2 CO-N N-C0C1 


tt 


vc=0 1790, 1710, 
1640 



- conVd - 
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0 

^CO-N^JT-COCl 


Oily material 


^C=0 1790, 1730, 
1640 


0 

^^C0-lfjJ-C0Cl 


IV 


Y^q ^O, 1660, 
1630 


0 

d@-C0-lT^N-C0Cl 


It 


V c=0 1740, 1640 


0 

CH 3 -(0)- C0-1^_N-C0C1 


II 


V^o 17 30, 1650 


CH3O 0 
CH5O -^^CO-N^I-COCl 

CH30 


tl 


V c=0 1740, 1640 


CI 0 
Cl-(O)-C0-N^N-C0Cl 


II 


V C=Q 1720, 1640 


CH3 0 
CHjCO-N^JI-COCl 




V C=0 1790, 1710, 
1640 


0 

CH,S0 9 -N N-C0C1 


l» 


Vc=0 1790, 1700 
^S02 1320, 1140 


J 

CH,CONHC0-N N-C0C1 
j \ — f 


II 


^C=0 1790, 

1720 - 1660 

i 



- cont'd - 



20 



1,508,062 • 
Table 2 (Cont'd) 



20 



0 

^-NH(30-N^N-C0G1 


... . 

Oily material 


V c=0 1740, 1720, 
1650 


0 

CH 5 CH 2 oco-tr v _N-coci 


11 


^C=0 ^50, 1720, 
1640 


0 

(CH 3 ) 5 CCOOCH 2 -N_N-COCl 


tt 


V C=0 1740 - 1720, 
1670 


0 

CH 5 (CH 2 ) 4 CH 2 -N^N-C0C1 


tt 


vt=0 1790, 1720 


CH3 ( CH 2 ) 2 CH 2 -N^N-C 0C 1 


it 


^C=0 1790, 1720 


CH 3 (CH 2 ) 2 CH 2 -N N-C0C1 
CH3 


tt 


^C=0 17 90, 1720 ! 


0 

1 CH 5 (CH 2 ) 6 CH 2 -lf^r-COCl 


it 


^C=0 1790, 1720 


0 

HN N-COC1 
\ 1 


m.p. 115 - 116°C 
(decomp. ) 

(from (O)) 


Vc=0 1720, 1660 


0 CH3 j 
H^JI-COCl 
CH3 


Crystal 


V c=0 1730, 1670 



- cont'd - 
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0 

V-v 

" HN N-C0C1 
CHj 


Crystal 


^C=0 l? 2 ©, 1660 


0 CH 5 COOCH 5 CH-, 
%-( 

HN N-COC1 
\ — i 


m.p. 59 - 60°C. 
(from IPE) 


V c=0 1710 - 1730, 
1660 


0 CH, 

HN N-COC1 
■ \_/ 


m.p. 98 - 100°C 
(from (O)) 


V c=0 1725, 1650 


0 CH* 

U 

CH^CO-N N-COC1 


Oily material 


V c=0 1720, 1690 


0 

<0/" NHC0-N^_N-C0C1 


n 


^C=0 1790, 1740 
- 1700 


0 

CH3-N^N-COCl 


ii 


V c=0 1710, 1630 


0 

CH 3 (CH 2 ) 2 CH 2 -N^V-COCl 


it 


V c= 6 1730, 1650 


0 

CH 5 CH 2 -N^N-COCl 


ii 


V^ C =0 1730, 1650 


0 

( CH3 ) 2 CH-N_JJ-C0C1 


ii 


^C=0 1720, 1640 



- cont'd - 
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0 

K 

CH 5 ( CH 2 ) 5 CH 2 -H^JI-C0C1 


Oily material 


^C=0 17 30, 1640 


0 

( CH3 ) 2 CHeH 2 CH 2 -H H-C0C1 


it 


V c=0 1720, 1640 


0< 

K 

i CH 5 (CH 2 ) 4 CH 2 -N^N-C0C1 


11 


V c=0 1730, 1640 


0 

CH 5 ( CH 2 ) 5 CH 2 -NJSf-COCl 


it 


V c=0 1730, 1640 


0 

CH 3 ( CH 2 > 6 CH 2 -/jI-C0Cl 


it 


V c=0 1720, 1640 


0 

CH 3 (CH 2 ) 10 CH 2 -NJI-C0C1 


it 


\) c=0 1720, 1640 


0 

[h/-n^n-coci 


11 


^C=0 1 730, 1640 


0 CH3 

M 

CH5 (CH 2 ) 2 CH 2 -N^JT-C0C1 


tt 


Vc=0 1 '730, 1640 


0 

CH 5 ( CH 2 ) 2 CH 2 -N N-C0C1 


it 


V c =0 1720, 1640 



- cont'd - 
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0 

CH 5 ( CH 2 ) 2 CH 2 -N v _N-C0Cl 
CH3 


Oily material 


Vc=0 1730, 1650 


HN N-C0C1 

\ / 


m.p. 105 - 107°C 


V c=0 1730, 1650 


0 

(OVCHo-N N-COC1 

V — f \ — f 


Oily material 


V c=0 1720, 1645 


0 CH* 

u 3 

H ? NC0-N N-COC1 


ti 


^C=0 !700 - 1740 


0 

K 

H0CH 2 CH 2 -N^JT-COC 1 


11 


V c=0 1730, 

1660 - 1630 


0 

CH 2 =CHCH 2 -N_JT-C0C1 


11 


V c=0 1720, 1640 


0 

1 K 

CH 2 =CHCH-N^N-COCl 
CH3 


11 


Vc=0 1730, 1650 


0 

CH 2 =CCH 2 -N_ / N-C0C1 
CH3 


ti 


^C=0 1730, 1650 



- cont'd - 
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CH,CH 0 

5 i IK 

CHCH 2 -N W N-C0C1 

(trans-) 


Oily material 


^C=0 17 30, 1650 


0 

0 N-CHp-N N-COCl 
\_-/ \ / 


m.p. 150°C 
(decomp. ) 


^0=0 1670, 1720 


0 

rA 

CH3CO-N N-COCl 
0 


Oily material 


v c=0 1790, 

1720 - 1670 


0 

(OVCO-N N-COCl 

0 


it 


1 

V C =o 1790, 1710, 
1670 


0 

CH*-N N-COCl 
0 


it 


1 

VC=0 1790, 

1710 - 1660 


0 

(O/-CH2-N N-COCl 




^C=0 1790, 

1710 - 1660 


0 0 
\A 

C^-N^JMJOCl 


m.p. 94 - 95°C 
(decomp. ) 
(from CHpClp- 
Bt 2 0) 


V c=0 1790, 1680 


0 0 

CH 3 C00CH 2 CH 2 -N N-COCl 


Oily material 


nJ c=0 1790, 1720, 
1670 



- cont'd - 
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0 0 
CH 5 CH 2 -N^jr-C0Cl 


m.p. 95 - 96°C 
(decomp. ) 
(from AcOBu) 


\J C=0 1780, 1660 


0 0 

M 

CH 3 CH 2 CH 2 -N^N-C0C1 


Oily material 


^C=0 1780, 

1710 - 1640 


0 0 

CH 3 ( CH 2 ) 2 CH 2 -nM^-C0C1 


it 


^C=0 1660 


0 0 

(CH 3 ) 2 CH-N_N-C0C1 


m.p. 130 - 131°C 
(decomp. ) 


"^C=0. 1780, 1660 


0 0 

CH 5 (CH 2 ) 5 CH 2 -N_JI-C0C1 


Oily material 


^0=0 1790, 

1720 - 1665 


0 0 
M 

CH 3 ( CH 2 ) 4 CH 2 -N_ y N-C0Cl 


ii 


V c=0 1780, 

1720 -» 1640 


0 0 

CH 3 (CH 2 ) 5 CH 2 -N_J!I-C0C1 


ii 


V c=0 1780, 

1720 - 1640 


0 0 

CH 3 ( CH 2 ) 6 CH 2 -N^N-C0C1 


ti 


V c=0 1780, 

1720 - 1640 


0 0 
U 

CH 2 =CHCH 2 -N_JI-C0C1 j 


Crystal 


^C=0 1775, 

1660 - 1620 



cont ! d 
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0 0 
@-N^N-C0Cl 


Crystal 


\J C =0 1785. 

1720 - 1650 


0 0 

M 

C1CH 2 CH 2 -N_N-C0C1 


Oily material 


V c=0 1790, 1720, 
1680 


0 0 

M 

CH 5 CH 2 -N_N-C0C1 
GH 3 


m.p. 65 - 70°C 
(decomp. ) 


V c=0 1785, 1680 


0 0 

CH3CH 2 -N V _N-GSC1 


m.p. 100 - 101°C 
(decomp. ) 


V c=0 1725, 1675 


0 fa\ 
HN^JJ-COCl 
0 


m.p. 180 - l8l°C 


\J C=0 1740, 1695 


^ °£> 

(O)-CH 2 -N^N-C0Cl 
0 


m.p. 160 - 165°C 


V c=0 1740, 1670 


Cl 5 CCH 2 OCO-^JJ-COCl 
0 


Oily material 


Vc=0 1800, 1750, 
1710 



- cont'd - 



27 



1,508,062 



Table 2 (Cont'd) 



27 



0 

HN N-C0C1 
0 


m.p. 185 - 187°C 
(decomp. ) 


^C=0 3-730, 1690 


HN N-C0C1 
0 


Oily material 


^C=0 1750, 

1710 - 1635 


(OhCHo-N N-C0C1 
0 


ii 


^C=0 1735, 1725, 
1710, 1675 



Note: Et 2 0 = CH3CH2OCH2CH3 

AcOBu = CH3C00(CH 2 )3CH 5 

The compound represented by the general formula (V) can be easily obtained by 
reacting, for example, a salt with an alkali metal, an alkaline earth metal or a nitrogen- 
containing organic base of an amino acid (IX) (any of D-isomer, L-isomer and racemic 
compound) represented by the general formula (IX) 



H 2 N — R — COOH 



(IX) 



10 



15 



20 



25 



wherein R is as defined previously, with a reactive derivative in the (thio)carboxyl 
group of a compound represented by the general formula (III) in a solvent inert to the 
reaction in the presence of an aricVbinding agent. Preferable examples of the compound 
of formula (V) are D-isomers, L-isomers and racemic compounds of the following 
compounds, though it is needless to say that the examples are not limitative: 
a - (4 - Acetyl - 2 - oxo - 1 - piperazmocarbonylamino)phenylacetic acid 
a . (4 . Chloroacetyl - 2 - oxo - 1 - piperazmocarbonylamino)phenylacetic acid 
a - (4 - Dichloroacetyl - 2 - oxo - 1 - pipera2inocarbonylamino)phenylacetic acid 
a - f 4 - Palmitoyl - 2 - oxo - 1 - piperazmocartoraylamino)phenylacetic acid 
a - (4 - Caproyl - 2 - oxo - 1 - piperazinocarbonylamino)phenylacetic acid 
a - (4 - Capryloyl - 2 - oxo - 1 - piperazmocaxbonylamino)phenylacetic acid 
a - (4 - Enanthoyl - 2 - oxo - 1 - pipera2inocarbonylamino)phenylacetic acid 
a - (4 - Cyclohexanecarbonyl - 2 - oxo - 1 - piperazinocarbonylamino )phenyl- 
acetic acid 

a - (4 - Benzoyl - 2 - oxo - 1 - piperazmocaibonylamino)phenylacetic acid 
a - (4 - p - Chlorobenzoyl - 2 - oxo - 1 - piperazinocarbonylamino ) phenylacetic 

acid 

a - (4 - p - Methoxybenzoyl - 2 - oxo - 1 - piperazinocarbonylamino ) phenylacetic 

acid 



10 



15 



20 



2* 



15 



20 



25 
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a - [4 - (3,4,5 - Trimethoxybenzoyl) - 2 - oxo - 1 - piperazinocarbonylamino]- 
phenylacetic acid 

a - [4 - (2,4 - Dichlorobenzoyl) - 2 - oxo - 1 - piperazinocarbonylamino] phenyl- 
acetic acid - 
. « - (4 - Acetyl - 3 - methyl - 2 - oxo - 1 - piperazinocaibonylamino)phenylacetic 5 

acid " ' 

a - (4 - Methanesulfonyl - 2 - oxo - 1 - piperazmocarbonylamino ) pheny laceuc 

acid 

a - (4 - Acetylaminocaibonyl - 2 - oxo - 1 - piperazinocarbonylamino)phenylacetic 
10 acid 10 
a - (4 - Phenylaminocarbonyl - 2 - oxo - 1 - piperazinocarbonylamino)phenyl- 
acetic acid 

a - (4 - Ethoxycarbonyl - 2 - oxo - 1 - piperazinocarbonylamino)phenylacetic acid 
a - (4 - Pivaloyloxymethyl - 2 * oxo - 1 - piperazmocarbonylammo) phenylacetic 
acid . 15 
a . (4 . n _ Hexyl - 2 - oxo - 1 - piperazinocaibonylamino)phenylaceuc acid 
a _ ( 4 , n - Butyl - 2 - oxo - 1 - pipera2inocarbonylamino)phenylacetic acid 
a . (4 . n - Butyl - 6 - methyl - 2 - oxo - 1 - piperazmocarbonylarnino)phenyi- 
acetic acid 

a - (4 - n - Octyl - 2 - oxo - 1 - pipera2inocarbonylamino)phenylacetic aad 20 
a - (3 - Oxo - 1 - piperazinocarbonylammo)phenylacetic acid 
a - (2,5 - Dimethyl - 3 - oxo - 1 - piperazinocarbonylamino) phenylacetic acid 
a - (5 - Methyl - 3 - oxo - 1 - piperazinocarbonylaminojphenylacetic acid 
a - (2 - Ethoxycarbonylmethyl - 3 - oxo - 1 - piperazinocarbonylamino ) phenyl- 
acetic acid .... 2 ^ 
a - (2 - Methyl - 3 - oxo - 1 - piperazinocarbonylamino) phenylacetic acid 
a _ (4 - Acetyl - 2 - methyl - 3 - oxo - 1 - piperazinocarbonylamino) phenylacetic 

acid 

a - (4 - Phenylaminocarbonyl - 3 - oxo - 1 - piperazinocarbonylamino)phenyl- 
acetic acid 30 
a - (4 - Methyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacetic acid 
a - (4 - n - Butyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacetic acid 
a - (4 - Ethyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacetic acid 
a - (4 - Isopropyl - 3 - oxo - 1 - pir^razinocarbonylamino)phenylacetic acid 
a - (4 - n - Pentyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacetic acid 35 
35 a - (4 - iso - Pentyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacetic acid 

a . (4 - n . Hexyl - 3 - oxo - 1 - piperazinocarbonyiamino)phenylacetic acid 
a - (4 - n - Heptyl - 3 - oxo - 1 - pir^razinocarbonylamino)phenylacetic acid 
a - (4 - n - Octyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacetic acid 
a - (4 - n - Dodecyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacetic acid 40 
a - (4 - Cydopentyl - 3 - oxo - 1 - pir*razinocarbonylamino) phenylacetic acid 
a - (2 - Methyl - 4 - n - butyl - 3 - oxo - 1 - piperazinocarbonylamino)phenyl- 
acetic acid 

a - (4 - n - Butyl - 5 - methyl - 3 - oxo - 1 - piperazinocarbonylamino) phenyl- 
d c acetic acid , . . t . 45 

HO a . (4 - n - Butyl - 6 - methyl - 3 - oxo - 1 - piperazmocarbonylamino)phenyl- 

acetic acid ... , . * 

a - (2 - Phenyl - 3 - oxo - 1 - pipera2mocarbonylammo)phenylacetic acid 
a - (4 - Benzyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacetic add 
a - (4 - Carbamoyl - 2 - methyl - 3 - oxo - 1 - piperazmocarbonylamino) phenyl- 50 

acetic add m , . % _ t 

a . (4 . fi - Hydroxyethyl - 3 - oxo - 1 - piperazmocarbonylammo)phenyIaceuc 

add 

a - (4 - Allyl - 3 - oxo - 1 - pijperazinocarb(mylamino)phenylacetic acid 
a . (4 - a - Methylallyl - 3 - oxo - 1 - piperazmocarbonylamino) phenylacetic acid 55 
55 a - (4 _ 0 - Methylallyl - 3 - oxo - 1 - pir^razinocarbonylamino)phenyhcetic acid 

a - [4 - (Trans - 2 - butenyl) - 3 - oxo - 1 - piperazinocarbonylamino ] phenyl- 
acetic add 

a - (4 - Morpholinomethyl - 3 - oxo - 1 - piperazmocarbonylamino)phenylacetic 

60 acid v 60 

a - (4- Ethyl - 3 - oxo - 1 - rnperazmocarbonylamino)propiomc <acid 
a - (4 - Acetyl - 2,5 - dioxo - 1 - piperazmccarbonylammo)phenylacetic acid 
a - (4 - Benzoyl - 2,5 - dioxo - 1 - pigerazinocarbonylamino)phenylacetic add 
~"~ a - (4 - Methyl - 2^T- dioxo - 1 - pir«ra^(K^raylammo)phenylacetic acid 

a - (4 - Benzyl - 2,5 - dioxo - 1 - piperazinocarbonylamino)phenylacetic add^ _ 65 



50 



29 1,508,062 29 

~ a - (4 - Methyl - 2,3 - dioxo - 1 - piperazim>carbonylamiiio)pheiiylacetic acid ~ 

a - (4 - Acetaxyethyl - 2,3 - dioxo - 1 - piperazinoMrbonylamino)phenylacetic 

acid 

- Ethyl - 2,3 - dioxo - 1 - pipembocarbony!aniino)phenylacetic acid 

- n - Propyl - 2,3 - dioxo - 1 - pipera2inocarbonylamino)phenylacetic acid 
. n - Butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenylacetic acid 
■ Isopropyl - 2,3 - dioxo - 1 - pipei^inowbonylaminojphenylacetic acid 

- n - Pentyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)phenylacetic acid 
« 5 t - n - Hexyl - 2,3 - dioxo - 1 - pipeiia2inocarbonylamino)phenylacetic acid 

10 a - (4 - n - Heptyl - 2,3 - dioxo - 1 - piperazmocarbonyIaniino)phenylacetic acid 

: - (4 - n - Octyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenylacetic acid 
» - (4 - Allyl - 2,3 - dioxo - 1 - piperazinoottbonylamino)phenylacetic acid 
(4 - Phenyl - 2,3 - dioxo - 1 - piperazinocari)onylamino)phenylacetic acid 
• (4 - fi - Cbloroethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenylacetic 




a 
a 
a - 



IS acid 



10 



15 



a - (4 - Pyrrolidinoethyl •* 2,3 - dioxo - 1 - pipera2inocaxbonylamino)phenylacetic 

a - (4 - Methyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) - p - hydroxyphenyl- 
acetic acid 

20 a - (4 - Ethyl - 2,3 - dioxo - 1 - pipeminocarbonylamino) - p - hydroxyphenyl- 20 

acetic acid . , , 

a - (6 - Methyl - 4 - ethyl - 2,3 - dioxo - 1 - piperazmocarbonylammo)phenyl- 

« . (4,6 - Dimethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenylacetic acid 
25 a - (4 - Ethyl - 2,3 - dioxo - 1 - pipera2inothiocarbonylamino)phenylacetic acid 25 

a - (4 - Methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 1,4 - cyclohexa- 
dienylacetic acid 

a - (4 - Ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 1,4 - cyclohexadienyl- 
acetic acid 

30 <x - (4 - n - Propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 1,4 - cyclohexa- 30 

dienylacetic acid m 

a - (4 - n - Butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 1,4 - cyclohexa- 

dienylacetic acid 

a - (4 - Methyl -.2,3 - dioxo - 1 - piperazinocarbonylamino) - 2 - tmenylacetic 

35 acid 

a - (4 - Ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 2 - thienylacetic acid 
a - (4 - n - Propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 2 - thienylacetic 

acid 

a - (4 - n - Butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 2 - thienylacetic 

40 acid ...... 

a - (2,2 - Pentamethylene - 3,5 - dioxo - 1 - piperazinocarbonylamino ) pheny 1- 

acetic acid 

a - (4 - Benzyl - 2,2 - pentamethylene - 3,5 - dioxo - 1 - piperazinocarbonyl- 
amino ) phenylacetic acid 

45 a - (4 - ftftp - Trichloroethoxycarbonyl - 2,2 - pentamethylene - 3,5 - dioxo - 1- 45 

piperazinocarbonylamino )phenylacetic acid 

a - (3,5 - Dioxo - 1 - pipexazinocarbonylamino)phenylacetic acid 
a - (2 - Methyl - 2 - phenyl - 3,5 - dioxo - 1 - piperazmocaibonylamino)phenyl- 
acetic acid f . . . f CA 

50 a - (4 - Benzyl - 2 - methyl - 3,5 - dioxo - 1 - piperazinocarbonylammo)phenyl- 50 

acetic acid 

a - (4 - Methyl - 2,3 - dioxo - 1 - pipeiazinocarbonylamino)phenylacetic acid 
As me reactive derivative in the carboxyl group of the compound represented by 
the general formula (V), there is used a reactive derivative of a carboxylic acid which 

55 is ordinarily used in the synthesis of acid amides. Such reactive derivative includes, for 55 
example, acid halides, acid anhydrides, mixed acid anhydrides with organic or inorganic 
acids, active acid amides, acid cyanides or active esters. Particularly, acid chlorides, 
mixed acid anhydrides and active acid amides are preferable. Examples of the mixed 
acid anhydrides are mixed acid anhydrides with substituted acetic acids, alkyl carbonic 

60 acids, aryl carbonic acids and aralkyl carbonic acids; examples of the active esters are 60 
cyanomethyl esters, substituted phenyl esters, substituted benzyl esters or substituted 
thienyl esters; and examples of the active acid amides are N-acyl saccharins, N-acyl 
imidazoles, N-acyl benzoylamides, N,N-dicyclohexyl-N-acylureas or N-acyl 
sulfonamides. 

65 Compounds of formula (VI) can be obtained by, for example, process (1) or (2). 65 
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Some of the compounds obtained by process (3) can further be used as the starting 
compounds in process (3). Any of D-, L- and racemic compounds of formula (VI) 

may be used. . . . - , 

The modes of practice of the processes (1), (2) and (3) are explained below, 
r The processes (1) and (2) may be carried out under substantially the same con- 5 

ditions. That is, the compound of formula (II) or (IV) is dissolved or suspended in at 
least one inert solvent selected from, for example, water, acetone, tettahydrofuran, 
dioxane, acetonitrile, dimethylformamide, methanol, ethanol, methoxyethanol, diethyl 
ether, isopropyl ether, benzene, toluene, methylene chloride, chloroform, ethyl acetate 
in and methyl isobutyl ketone. The resulting solution or suspension is reacted with a reac- iu 
tive derivative of the compound of formula (in), or with the compound of formula 
(V) or a reactive derivative in the carboxyl group of the compound of formula (V Yui 
the presence or absence of a base at a temperature in the range from —60 to 80 U, 
preferably from -40° to 30°C. The reaction time is ordinarily 5 minutes to 5 hours, 
ic Examples of the base used in the above reaction are inorganic bases such as alkali 15 
hydroxides, alkali hydrogencarbonates, alkali carbonates, or alkali acetates; tertiary 
amines such as trimethylamine, triethylamine, tributylamine, pyridine, N-methylpiper- 
idine, N-methylmorpholine, lutidine and colHdine; and secondary amines such as di- 
cvclohexylamine or diethylamine. When the compound of formula (V) is used in the 
20 form of a free acid or salt in the process (2), the reaction of the proce^ (2) may be 20 
effected in the presence of a dehydrating condensing agent such as N,N-di^clohexyl 
carbodiimide, N-cyclohexyl-N'-morpholinoethyl carbodiimide, N,N'-diethyl carbodi- 
imide, N,N'-carbonyl (2-methylimidazole), a trialkyl ester of phosphorous acid, ethyl 
ester of polyphosphoric acid, phosphorus oxychloride, phosphorus mchlonde, 2-chloro- 
25 13 J-dioxaphospholane or oxazolyl chloride. The salt of the compound of formula (V) 25 
includes alkali metal salts, alkaline earth metal salts, ammonium salts, and salts with 
organic bases such as trimethylamine or m^dohexylamine. 

The process (3) is carried out in the manner described below. 
When B in the formula (VI) is a group other than a hetero aromatic N-oxide thio 
™ ramp having a thio group on the carbon atom adjacent to the N-oxide group in the 30 
molecule, the compound of formula (VI) is reacted with the compound of formula 
(VII) or a tertiary amine in at least one solvent selected from, for example, water, 
methanol, ethanol, propanol, isopropanol, butanol, acetone, methyl ethyl ketone, methyl 
isobutyl ketone, tetrahydrofuran, dioxane, acetonitrile, ethyl acetate, methoxyethanol, 
35 dimethoxyethane, dimethylformamide, dimethyl sulfoxide, dichloromethane, chloro- 
form and a dichloroethane. The above-mentioned reaction is preferably effected in a 
strongly polar solvent such as water. In this case, the pH of the reaction solution is 
advantageously maintained at 2 to 10, preferably 4 to 8. The desired pH may be 
attained by addition of a buffer solution such as sodium phosphate. The reaction con- 
ditions are not particularly limited, though the reaction is ordinarily conducted at 0 to 
100°C. over a period of at least several hours. When B in the formula (VI) is a hetero 
aromatic N-oxide thio group having a thio group on the carbon atom adjacent to the 
N-oxide group in the molecule, the compound of formula (VI) is reacted with the 
compound of formula (VII) in the above-mentioned solvent in the presence of a cupric 
4S compound. This reaction is particularly useful where an alcohol is used such as methyl 
alcohol, ethyl alcohol, propyl alcohol, isopropyl alcohol, n-butyl alcohol, benzyl alcohol 
or ethylene glycol as the compound of formula (VII) ? In this case, the reaction pro- 
ceeds smoothly by using an excess of the alcohol per se to allow it to act as the reaction 
medium, too. The cupric compound used in this process includes organic and inorganic 
50 ones, such as cupric chloride, bromide, fluoride, nitrate, sulfate, borate, phosphate, 
cyanide, formate, acetate, propionate, citrate, tatarate, benzoate and salicylate. The 
amount of the cupric compound used is preferably 1/2 mole per mole of the compound 
of formula (VI). The reaction temperature and the reaction time may be varied depend- 
ing upon the kinds of compound of formula (VI), cupric compound and compound of 
55 formula (VII), though they are usually selected from the range of 0° to 100 C and 
the range of several minutes to several days, respectively. 

The reaction conditions to be adopted in the processes (1), (2) and (3) are not 
limited to those mentioned above, and can be properly varied depending upon the kinds 
of reaction reagents. . _ . . 

60 Further, the non-toxic salts of the general formula (I), in which R 1 is a sait- 

forming cation, can be easily obtained according to an ordinary procedure from com- 
pounds of the general formula (I), in which R 1 is a hydrogen atom or a blocking group. 

Thus, among the compounds of formula (I) of the present invention, the pemcdhns 
can be easily obtained according to any of the aforesaid processes (1) and (Z), wniie 
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the cephalosporins can be easily obtained according to either the aforesaid process (1), 
(2) or (3). 

The present penicillins and cephalosporins include concretely the following com- 
pounds though are not restricted thereto. The following penicillins can be produced by 
5 any of the aforesaid processes (1) and (2), and the following cephalosporins can be 5 
produced by any of the aforesaid processes ( 1 ), (2) and ( 3 ) . 

Penicillins: 

6 - [D( — ) - a - (4 - acetyl - 2 - oxo - 1 - piperazinocarbonylamino ) pheny lacet- 
amidojpenicillanic acid, 

10 6 - [D( — ) - a - (4 - dichloroacetyl - 2 - oxo - 1 - piperazinocarbonylamino)- 10 

phenylacetanudo] penicillanic acid, 

6 - [D( — ) - a - (4 - enanthoyl - 2 - oxo - 1 - piperazinocarbonylamino phenyl- 
acetamido] penicillanic acid, 

6 - [D(— ) - a - (4 - cyclohexanecarbonyl - 2 - oxo - 1 - piperazinocarbonyl- 
15 amino)phenylacetamidoJpeniciUanic acid, 15 
6 - [D( — ) - a- (4 - acetyl - 3 - methyl - 2 - oxo - 1 - piperazinocarbonylamino)- 
phenylacetamido]penicillanic acid, 

6 - [D(— ) - b - (4 - methanesulfonyl - 2 - oxo - 1 - piperazinocarbonylamino )- 
phenylacetamido]penicillanic acid, 
20 <> - [D(— ) - a - (4 - n - hexyl - 2 - oxo - 1 - piperazinocarbonylamino)phenyl- 20 

acetamido] penicillanic acid, 

6 - [D( — ) - a - (4 - n - butyl - 2 - oxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] penicillanic acid, 

6 - [D(-) - a - (4 - n - butyl - 6 - methyl - 2 - oxo - 1 - pipexazinocarbonyl- 
25 amino)phenykcetamido]penicillanic acid, . , . . . x i 

6 - [D(-) - « - (4 - n - octyl - 2 - oxo - 1 - piperazmbcarbonylammo)phenyl- 

acetamido]penicillanic acid, ; . _ , . N 

6 - [D( - ) - a - (4 - pivaloyloxymethyl - 2 - oxo - 1 - piperazmocarbonylammo)- 
- n phenylacetamido]penicillanic acid, . . ^ , . x « i ™ 

30 6 - [D(— ) - a - (4 - palmitoyl - 2 - oxo - 1 - piperazmocarbonylammo)phenyl- 30 

acetamido]penicillanic acid, . f , . x . . 

6 - [D(— ) - a - (4 - capryloyl - 2 - oxo - 1 - piperazuiocarbonylammo)phenyl- 
acetamido]penicillanic acid, ' # . t 

6 - [D(— ) - a - (4 - caproyl - 2 - oxo - 1 - pjperazmocarbonylanuno)phenyl- 

J acetamidolpenidllanic add, , ^ , , . . 

6 - [D(— ) - a - (4 - chloroacetyl - 2 - oxo - 1 - piperazinocarbonyIamino)phenyl- 

acetamido]penicillanic acid, . 

6 - fD(-~) - a - (4 - benzoyl - 2 - oxo - 1 - piperazinocarbonylammo)phenyl- 

a[\ acetamido]penicillanic add, . m 

6 - [D( — ) - a - (4 - p - chlorobenzoyl - 2 - oxo - 1 - piperazmocarbonylamino ) - w 
phenylacetamido]penicillanic acid, 

6 - [D( — ) - a. - (4 - p - methoxybenzoyl - 2 - oxo - 1 - piperazinocarbonyl- 
amino )phenylacetamido] penicillanic add, 
45 6 - (D(-) - « - [4 - (3,4,5 - trimethoxybenzoyl) - 2 - oxo - 1 - piperazmo- 45 

<^rbonylamino]phenylacetamido}penidllanic acid, 

6 - (D( — ) - a - [4 - (2,4 - dichlorobenzoyl) - 2 - oxo - 1 - piperazinocarbonyl- 
amino] phenylacetamido}penicillanic add, 

6 - [D(— ) - o - (4 - acetylaminocarbonyl - 2 - oxo - 1 - piperazinocarbonyl- 
50 amino)phenylacetamido] penicillanic acid, 50 
6 - [D(— ) - a - (4 - phenylaminocarbonyl - 2 - oxo - 1 - piperazinocarbonyl- 
amino )phenylacetamido] penicillanic acid, 

6 - [D(~ ) - a - (4 - ethpxycarbonyl - 2 - oxo - 1 - piperazinocarbonylamino ) - 
phenylacetamido] penicillanic add, 
55 6 - [D( — ) - a - (4 - methyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacet- 55 

amidojpenicillanic acid, 

6-[D(— )-a-(4-n- butyl - 3 - oxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] penicillanic acid, 

6 - [D(— ) - a - (4 - ethyl - 3 - oxo - 1 - piperazinocarbonylamino) phenylacet- 

50 amido] penidllanic acid, . 50 

6 - [D(-) - a - (4 - isopropyl - 3 - oxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] penicillanic acid, . 

6 - [D( — ) - a - (4 - n - pentyl - 3 - oxo - 1 - piperazinocarbonylamino ) phenyl- 
acetamido] penidllanic acid, 
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6 - [D( — ) - » - (4 - iso - pentyl - 3 - oxo - 1 - piperazmocarbonylamino) phenyl- 
acetamido] penidllanic add, 

6 - [D(— ) - a - (2 - methyl - 4 - n - butyl - 3 - oxo - 1 - piperazinocarbonyl- 
ammo) phenylacetamido] penicillanic acid, 
5 6 - [I>(— ) - « - (4 - n - butyl - 5 - methyl - 3 - oxo - 1 - piperazinocarbonyl- 5 

amino)phenylacetamido]penicillanic acid, 

6 - [D(— ) - a - (4 - n - butyl - 6 - methyl - 3 - oxo - 1 - piperazinocarbonyl- 
ammo)phenykcetamido]pemdllamc acid, 

6 - [D(— ) - a - (4 - benzyl - 3 - oxo - 1 - pipera2inocarbonylamino)phenylacet- 
10 amidojpemcillanic acid, 

6 - [D(— ) - a - (A - fi - hydroxyethyl - 3 - oxo - 1 - piperazmocarbonylamino)- 
phenylacetamido]pemculanic acid, 

6 - [D(— ) - « - (4 - acetyl - 2 - methyl - 3 - oxo - piperazinocarbonylamino ) - 
phenylacetamido]penicillanic acid, 
15 6 - [D(— ) - a - (4 - carbamoyl - 2 - methyl - 3 - oxo - 1 - piperazinocarbonyl- 15 

ammo)phenykcetamido] penicillanic acid, 

6 - [D(— ) - w- (3-oxo-l - piperazmocarbonylaniino)phenylacetamido]peni- 
cillanic acid, 

6- [D(— ) (2,5 - dimethyl - 3 - oxo - 1 - piperazinocarbonylamino) phenyl- 
20 acetamidojpenicillanic acid, 

6 - [D(— ) - a - (5 - methyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacet- 
amido] penicilanic acid, 

6 - [D(— ) - w - (2 - ethoxycarbonylmethyl - 3 - oxo - 1 - piperazinocarbonyl- 
amino )phenylacetamido] penicillanic acid, ~_ 
25 6 - [D(— ) - a - (2 - methyl -3-oxo-l - piperazinocarbonylamino)phenylacet- » 

amido] penicillanic acid, 

6 - [Df— ) - * - (4 - ethyl - 3 - oxo - 1 - piperazinocarbonylamino)propion- 
amido] penicillanic acid, 

6 - [D(— ) - a - (4 - allyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacet- 
30 amido] penicillanic acid, 30 
6 - [D(— ) - a - (4 - a - methylallyl - 3 - oxo - 1 - piperazinocarbonylamino )- 
phenylacetamido] penicillanic acid, 

6 - [D( — ) - « - (4 - p - methylallyl - 3 - oxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] penicillanic acid, 
35 6 - (D(— ) - u - [4 - (trans - 2 - butenyl) - 3 - oxo - 1 - piperazinocarbonyl- ^ 

amino] phenylacetamido}penicillanic acid, 

6 - [D( — ) - a - (4 - n - hexyl - 3 - oxo - 1 - piperazinocarbonylamino ) phenyl- 
acetamido] penicillanic add, 

6 - [D( — ) - « - (4 - n - heptyl - 3 - oxo - 1 - piperazinocarbonylamino )phenyl- 
40 acetamido] penicillanic add, 4 0 
6 - [D( — ) - a - (4 - n - octyl - 3 - oxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] penicillanic add, 

6 - [D( — ) - a - (4 - n - dodecyl - 3 - oxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] penicillanic acid, 
45 6 - [D(— ) - w - (4 - cyclopentyl - 3 - oxo - 1 - piperazinocarbonylaraino)phenyl- 45 

acetamidojpenicillanic acid, 

6 - [D( — ) - a- (4- phenylaminocarbonyl - 3-oxo-l - piperazinocarbonyi- 
amino) phenylacetamido] penidllanic add, 

6 - [D( — ) - <x - (2 - phenyl - 3 - oxo - 1 - piperazinocarbonylamino)phenyl- 
50 acetamidojpenicillanic acid, 50 
6 - [D( — ) -« - (4 - morpholinomethyi - 3 - oxo - 1 - piperazinocarbonylamino ) - 
phenylacetamido] penicillanic add, 

6 - [D( — ) - a - (4 - acetyl - 2,5 - dioxo - 1 - piperazinocarbonylamino )phenyl- 
acetamidolpenicillanic acid, 
55 6 - [D( — ) - a - (4 - benzoyl - 2,5 - dioxo - 1 - piperazinocarbonylamino) phenyl- 55 

acetamidojpenicillanic add, 

6 - [D( — ) - ict - (4- methyl - 2,5 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] penicillanic add, 

6 - [D(— ) - a - (4 - benzyl - 2,5 - dioxo - 1 - piperazmocarbonylamino)phenyI- 
60 acetamido] penidllanic add, 60 
6 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) phenyl- 
acetamido J penicillanic add, 

6 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - pipewzmocarbonylamino)phenyl- 
acetamido] penidllanic add, 
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6 - [D(— ) - « - (4 - n - propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
phenylacetamido]penicillanic acid, 

6 - [D( — )-«-(4-n- butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido]penicillanic acid, 

6 - [D( — ) - ia - (4 - iso - propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )- 
phenylacetamido] penicillanic acid, 

6 - [D( — ) - a - (4 - acetoxyethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
phenylacetamido]peniciUanic acid, 

6 - [D(— ) - a - (4 - allyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )phenyl- 
acetamidojpenicillanic acid, 

6 - [D(— ) - a - (4 - phenyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido]penicillanic acid, 

6 - [D( — ) -«- (4-0- chloroethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] penicillanic acid, 

6 - [D(-) - a - (6 - methyl - 4 - ethyl - 2,3 - dioxo - 1 - pfperazinocarbonyl- 
amino)phenylacetamido]penicillanic acid, # 

6 - [D(-) - a - (4,6 - dimethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
phenylacetamido]penicillanic acid, " . 

6 - [D(-) - « - (4 - n - pentyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
phenylacetamido]penicillanic acid, " m ' 

6 - [D(— ) - « - (4 - n - hexyl - 2,3 - dioxo - 1 - piperazmocarbonylammo)- 
phenyiacetamido] penicillanic acid, t . * 

6 - [D(-) - « - (4 - n - heptyl - 2,3 - dioxo - 1 - piperazinocatbonylamino)- 
phenylacetamido] penicillanic acid, m m a ■ 

6 - [D(— ) - a - (4 - u - octyi - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
phenylacetamido]pemcillanic acid, ....... n 

6 - [D(-) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazmothiocarbonylammo)- 
phenylacetamido]penicillanic acid, . 

6 - [D(-) - « - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - p- 
hydroxyphenylacetamido] penicillanic acid, t 

6 - [D(— ) - « - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylammo) - p- 
hydroxyphenylacetamido]penicillanic acid, 

6 - [D(- ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylammo) - 1,4- 
cyclohexadienylacetamidolpenicillanic acid, 

6 - [D(-) - « - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 1,4- 
cyclohexadienylacetamido]penicillanic acid, m 

6-[D(— )-«-(4-n- propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino l- 
1,4 - cydohexadienylacetamidojpemdflamc acid, 

6 - [D( — ) - <z - (4 - n - butyl - 2,3 - dioxo - 1 - piperazinocarbonylammo) - 1,4- 
cydohexadienylacetamido] penicillanic acid, 

6 - [DL - « - (4 ■- methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 2- 
thienylacetamido]penicillanic acid, 

6 - [DL - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 2 - thienyl- 
acetamido]penicillanic acid, 

o - [DL - a - (4 - n - propyl - 2,3 - dioxo - 1 - piperadinocarbonylamino) - 2- 
thienylacetamidojpeniclllanic acid, 

6 - [DL - a - (4 - n - butyl - 2*3 - dioxo - 1 - piperazinocarbonylamino) - 2- 
thienylacetamido]penicillanic acid, 

6 - [D( — ) - a - (2,2 - pentamethylene - 3,5 - dioxo - 1 - piperazinocarbonyl- 
amino )phenylacetamido]penicillanic acid, 

6 - [D(— ) - a - (3,5 - dioxo - 1 - piperazinocarbonylamino)phenylacetamido]- 
penicillanic acid, 

6 - [D(— ) - a - (2 - methyl - 2 - phenyl - 3,5 - dioxo - 1 - piperazinocarbonyl- 
amino ) pheny lacetamido ] penicillanic acid, 

6 - [D( — ) - a - (4 - benzyl - 2,2 - pentamethylene - 3,5 - dioxo - 1 - piperazino- 
carbonylamino ) phenylacetamido ] penicillanic acid, 

6- [D( — ) - a- (4- fiSS - trichloioethoxycarbonyl - 2,2 - pentamethylene - 3,5- 

dioxo - 1 - piperazinocarbonylamino)phenylacetamido] penicillanic acid, 

6 - [D(— ) - a - (4 - benzyl - 2 - methyl - 2 - phenyl - 3,5 - dioxo - 1 - piper- 
azinocarbonylamino) pheny lacetamido] penicillanic acid, 

pivaloyloxymethyl 6 - [D( — ) - a - (2 - methyl - 3 - oxo - 1 - piperazino- 
carbonylamino ) phenylacetamido ] penicillanate, 

phthalidyl 6 - [D(— > - a. - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
amino) phenylacetamido] penicillanate, 
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phthalidyl 6 - [D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
amino) phenylacetanndo ] penicillanate, 

phthalidyl 6 - [D(— ) - « - (4 - iso - propyl - 2,3 - dioxo - 1 - piperazino- 
carimylamino)phenylacetamido] penicillanate, a 
c phthalidyl 6 - - a - (4 - n - butyl - 23 - dioxo - 1 - piperazinocarbonyl- 5 

amino)phenylacetamido] penicillanate, 

methoxymethyl 6 - [D(— ) - n - (4 - methyl - 2,3 - dioxo - 1 - piperazinocar- 
bonylamko)phenykcetamido]penidllanate, 

methoxymethyl 6 - [D(— ) - a - (4 - ethyl - 23 - dioxo - 1 - piperazinocaibonyl- 
ammo)phenylacetamido] penicillanate, 10 

methoxymethyl 6 - [D(— ) - a - (4 - n - butyl - 23 - dioxo - 1 - piperazino- 
carbonylamino)phenylacetamido] penicillanate, 

methoxymethyl 6 - [D( — ) - a - (4 - iso - propyl - 2,3 - dioxo - 1 - piperazino- 
caxbonylamino)phenylacetamido]penidllanate, 

methoxymethyl 6 - [D( — ) - a - (4 - n - octyl r 2,3 - dioxo - 1 - piperazino- 15 
carbonylaniino)phenykcetamido]pemdllanate, 

pivaloyloxymethyl 6 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazino- 
caibonylamino)phenylacetamido] penicillanate, 

pivaloyloxymethyl 6 - [D(-) - « - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocar- 
bonyfainino) phenylacetamido] penicillanate, 20 

pivaloyloxymethyl 6 - [D(— ) - a - (4 - n - octyl - 2,3 - dioxo - 1 - piperazino- 
carbonyiajiuno) phenylacetamido] penicillanate, 

fi - pipendinoethyl 6 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazino- 
<arbonylamino)phenylacetamido] penicillanate, 

p - pipendinoethyl 6 - [D( — ) - « - (4 - n - octyl - 23 - dioxo - 1 - piperazino- 25 
2 ^ carbonylamino)phenylacetamido] penicillanate, 

P - morpholinoethyl 6 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazino- 
carbonylamino)phenylacetamido] penicillanate and 

p - morpholinoethyl 6 - [D( — ) r - a - (4 - n - octyl - 2,3 - dioxo - 1 - piperazino- 
carbonylamino)phenylacetamido] penicillanate. 30 

Cephalosporins: 

7 - [D(^) - a - (4 - methyl - 23 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 
35 7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 35 

acetamido] - 3 - methyl - A 8 - cephem - 4 - carboxylic acid, 

7 - [D( — ) - a - (4 - n - propyl - 2,3 - dioxo - 1 - piperazinocarbonyiamino)- 
phenylacetamido] - 3 - methyl -A 3 - cephem - 4 - carboxylic acid, 

7 - [D( — ") - a - (4 - n - butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 
40 ^ - (D( — ) - a - (4 - n - pentyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 40 

phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [D( — ) - a - (4 - n- - hexyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
phenylacetaniido] - 3 - methyl - A 8 - cephem - 4 - carboxylic acid, 

7 - [D( — ) - a - (4 - n - heptyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
45 phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 45 
7 - [D(— ) - a - (4 - n - octyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )- 
phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamuio)pheriyl- 
acetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 
cq 7 - [D( — ) - « - (4 - n - propyl - 23 - dioxo - 1 - piperazinocarbonylamino)- 50 

phenylacetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [D( — ) - « - (4 - ethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) phenyl- 
acetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 

7 - — ) - a - (4 - iso - propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )- 
55 phenylacetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 55 
7 - [D( — ) - a. - (4 - ethyl - 23 - dioxo - 1 - piperazinothiocarbonylamino)- 
phenylacetamido] - 3 - acetoxymethyl - A 8 - cephem - 4 - carboxylic acid, 

7 - [D( — ) - a - (4 - methyl - 23 - dioxo - 1 - piperazinothiocarbonylamino)- 
phenylacetamido] - 3 - acetoxymethyl - A 8 - cephem - 4 - carboxylic acid, 
aa 7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) phenyl- ^ 

00 acetamido] - 3 - [2 - (5 - methyl - 13,4 - thiadiazolyl)thiomethyl] - A 3 - cephem - 4- 
carboxylic acid, 

7 - [D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - [2 - (5 - methyl - 1,3|4 - thiadiazolyl)thiomethyl] - A 3 - cephem - 4- 
65 carboxylic acid, J " 
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7 - [D(-) - a - (4 - n - propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
pheayfecetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl)thiomethyl] - A»- 
cephem - 4 - carboxylic acid, 

7 - [Df — ) - «z - (4 - n - butyl - 2^ - dioxo - 1 - piperazmocarbonylamino)phenyl- 
acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - tbiadiazofyl)tMometfayl] - A" - cephem - 4- 3 
carboxylic acid, 

7 - [D( — ) - a - (4 - phenyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - duadiazolyl)thiomethyl] - A 3 - cephem - 4- 
carboxylic acid, in 

7- [D(-) - a- (4- methyl -2,3 - dioxo - 1 - piperaziaocarbonylaminojphenyl- 
acetamido] -3- [5 - (1 - methyl - 1,2,3,4 - tetrazolyl)thiomethyl] - A 8 - cephem - 4- 
carboxylic acid, - - 

7 - [D(— ) - a - (4 - ethyl - 6 - methyl - 2,3 - dioxo - 1 - piperazmocarbonyl- 
amino)phenylacetamido] - 3 - {5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl]- ^ 
A 3 - cephem - 4 - carboxylic acid, . 

7 - [D(-) - « - (4,6 - dimethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )- 
phmylacetamido] - 3 - [5 - (1 - methyl - JAM - tetrazolyl)thiomethyl] - A 8 - 
cephem - 4 - carboxylic acid, 

7 - [D(-) - a - (4 - phenyl - 2,3 - dioxo - 1 - pipera2mocarbonylammo)phenyl- 0 
acetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyi)thiomethyl] - A 8 - cephem - 4- 
carboxylic acid, . . t . x . . 

7 - [D(-) - a- (4 - methyl - 2,3 - dioxo - 1 - pipeiazmocarbonylammo)phenyl- 
acetamido] - 3 - [5 - (1,3,4 - thiadiazolyl)thiomethyl] - A 8 - cephem - 4 - carboxylic , 

8Ci *7 - [D(— ) - « - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylarnino)phenyl- 25 
acetamido] - 3 - [5 - (1,3,4 - thiadiazolyl)thiomethyl] - A 8 - cephem - 4 - carboxylic 
acid, 

7 - fl>(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - [2 - (1 - methyl - 1,3,4 - triazolyl)thiomethyl] - A 8 - cephem - 4- 
carboxylic acid, 

7 - [D(-) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )phenyl- 
acetamido] - 3 - [2 - (1 - methyl - 1,3,4 - triazoIyl)thiomethyl] - A 8 - cephem - 4- 
carboxylic acid, 

7 , [D(— ) - a - (4 - phenyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] - 3 - [2 - (1 - methyl - 1,3,4 - triazolyl)thiomethyl] - A 8 - cephem - 4- 
carboxylic acid, 

7 - fD(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)propion- 
amido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - p- 
hydroxyphenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - 
A 8 - cephem - 4 - carboxylic acid, 

7 - [D( — ) - * - (4 - methyl - 2,3 - dioxo - 1 - pir*i^inocarbonylamino)phenyl- 
acetamido] - 3 - azidomethyl - A 8 - cephem - 4 - carboxylic acid, 

7 - [D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) thiomethyl] - A 8 - cephem - 4- 
carboxylic acid, 

7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) phenyl- 
acetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl)thiomethyl] - A 8 - cephem - 4- 
carboxylic add, sn 

7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- Jyj 
acetamido] - 3 - [2 - (1,3,4 - triazolyl) - thiomethyl] - A 8 - cephem - 4 - carboxylic 
acid, 

7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - [5 - (1,2,3,4 - tetrazolyl) thiomethyl] - A 3 - cephem - 4 - carboxylic 55 
add, 

7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )phenyl- 
acetamido] - 3 - [5 - (1,2,3,4 - tetrazotyl)thiomethyI] - A 8 - cephem - 4 - carboxylic 
add, 

7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )phenyl- 
acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - oxadiazolyl) thiomethyl] - A 3 - cephem - 4- 
carboxylic acid, 

7 - [D( — ) - « - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] - 3 - [3 - (2,6 - dimethyl - 5 - oxo - 2,5 - dihydro - 1,2,4 - triazinyl) thio- 
methyl] - A 3 - cephem - 4 - carboxylic add, 

7 - [D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )phenyl- 



30 



35 



40 



60 



65 



10 



15 



40 7 - [D( — ) - a - (4 - ethyl - 2 - oxo - 1 - piperazmocarbonylamino)phenylacet- 

amido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4- 



45 



50 



, s *7 - [D(— ) - « - (4 - acetyl - 2,5 - dioxo - 1 - piperazmocarbonylaminojphenyl- 

acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] ~ A 3 - cephem- 



60 
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acetamido] - 3 - [2 - (4- methyloxazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic 
add, 

7 . [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocaibonylamino] phenyl- 
acetamido] - 3 - [2 - (4 - methykhiazotyl)thiomethyl] - A s - cephem - 4 - carboxylic ^ 
c acid, • 
7 - [D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] - 3 - [2 - (pyridyl - 1 - oxide) - thiomethyl] - A 3 - cephem - 4 - carboxylic 
acid, 

7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylainmo) phenyl 
acetamido] - 3 - (2 - thiazolinylthiomethyl) - A 3 - cephem - 4 - carboxylic acid, 

7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylarnino) phenyl- 
acetamido] -3 - [2 - (1 - methylimidazolyl) thiomethyl] - A 3 - cephem - 4 - carboxylic 
add, 

7 . [D( — ) - « - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)phenyl- 
acetamido] - 3 - (2 - pyrimidinylthiomethyl) - A 3 - cephem - 4 - carboxylic acid, 15 

7 ^ [D(— ) - a - (4 - ethyl - 2,3 - dioxo - "1 - piperazinocarbonylamino) phenyl- 
acetamido] - 3 - [3 - (6 - methylpyridazinyl)thiomethyl] - A 8 - cephem - 4 - carboxylic 
add, 

7 . [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )phenyl- 
20 acetamido] - 3 - [1 - (4 - memylpiperazino)thiocarbonylthiomethyl] - A 3 - cephem- 20 
4 -carboxylic acid, . . 

7 - tD(«-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)phenyl- 
acetamido] - 3 - [5 - (3 - methylisoxazolyl)carbonylthiQmethyl] - A 3 - cephem - 4- 
carboxylic acid, m . 

05 7 - [D(— ) - a - (4 '- methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 25 

^ J acetamido] - 3 - ethoxythiocarbonylthiomethyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [D ( — )- «- (4- ethoxycarbonyl - 2 - oxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic add, 

7 _ [D(-^) - a - (4 - n - hexyl - 3 - oxo - 1 - piperazinocarbonylamino )phenyl- 
o n acetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic add, 30 
JU 7 - [D(— ) - ia - (4 - acetyl - 2 - oxo - 1 - piperazinocarbonylamino) phenylacet- 

amido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4- 
carboxylic acid, - # 

7 - [D(— ) - a - (4 - methanesulfonyl - 2 - oxo - 1 - piperazinocarbonylammo)- 
35 phenylacetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - 35 
cephem - 4 - carboxylic acid, , x t 

7;- [D(— ) - « - (4 - methyl - 2 - oxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazoryl) - thiomethyl] - A* - cephem- 
4 - carboxylic add, 



40 



carboxylic add, 

7 - [D(— ) - <x - (4 - acetylaminocarbonyl - 2 - oxo - 1 - piperazinocarbonyl- 
amino)phenylacetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - 
A 3 - cephem - 4 - carboxylic acid, 45 

7 - [D( — ) - a - (4 - methyl - 3 - oxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem- 
4 - carboxylic add, 

7 - [D(— ) - a - (4 - ethyl - 3 - oxo - 1 - piperazinocarbonylamino) phenylacet- 
amido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4- 50 
carboxylic add, 

7 - [D( — ) - a. - (3,5 - dioxo - 1 - piperazmocarbonyhmino)phenylacetamidp]- 
3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 5 - cephem - 4 - carboxylic 
add, 



55 



4 - carboxylic add, 

7 - [D(— ) - a. - (4 - acetyl - 2 - oxo - 1 - piperazinocarbonylamino) phenylacet- 
amido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4- 
carboxylic add, . 60 

7 - [D(-) - a - (4 - methanesulfonyl - 2 - oxo - 1 - piperazinocarbonylamino ) - 
phenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - 
cephem - 4 - carboxylic add, . x L , 

7 - [D( — ) - a - (4 - methyl - 2 - oxo - 1 - piperazinocarbonylamino)phenylacet- 



37 1,5083062 37 

amido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4- 
carboxylic acid, 

7 - [D( — ) - a - (4 - ethyl - 2 - oxo - 1 - piperazmocarbonylamino)phenylacet- 
amido] - 3 - [5 - (1 - methyl - 1*2*3*4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4- 
5 carboxylic acid, 5 
7 - [D( — ) - a - (4 - acetylaminocarbonyl - 2 - oxo - 1 - piperazinocarbonyl- 
s amino)phenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - 

A* - cephem - 4 - carboxylic acid, 

7 - [D(— ) - a - (4 - methyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacet- 
10 amido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4- 10 
carboxylic acid, 

7 - [D(— ) - « - (4 - ethyl - 3 - oxo - 1 - piperazmocarbbnylamino)phenylacet- 
amido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 8 - cephem - 4- 
carboxylic acid* 

15 7 - [D(— ) - a - (3,5 - dioxo - 1 - piperazmocarbonylainino)phenylacetamido]- 15 

3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic 
acid, 

7 - [D( — ) - a - (4 - acetyl - 2,5 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - [D - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem- 
20 4 - carboxylic acid, and 20 
methoxymethyl 7 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazino- 
carbonylamino)phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylate. 

The susceptible test of typical compounds among the compounds of the present 
invention are shown below. 
25 C 1 ) ' r * ie minimum inhibitory concentrations (MIC) of the compounds against 25 

different standard strains are shown in Tables 3 and 4. 

The minimum inhibitory concentration (MIC) was determined by the plate method 
disclosed in "Chemotherapy" (Japan), Vol. 16, (1968), pages 98—99. The culture 
medium used was a Heart infusion agar (pH 7.4). The number of the cells per plate 
30 used in the inoculum was 10* (10 9 cells/ml). # 30 
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(3) Resistant activity against /^-lactamase, Pseudamonas aeruginosa GN 238: 
The resistant activity of each compound against /^-lactamase was measured in the 
manner described below. 

/^-Lactamase was prepared from Psuedomonas aeruginosa GN 238. This micro- 
organism was cultured in 100 ml of a medium containing 2 g of yeast extract 10 g of 5 
polypeptone, 2 g of glucose, 7 g of disodium hydrogen phosphate, 2 g of potassium 
dihydrogen phosphate, 1.2 g of ammonium sulfate and 0.4 g of magnesium sulfate, per 
liter, in a 500-ml Erlenmeyer flask for 6 hrs. at 37°C with shaking. The resulting cells 
were collected by centrifugation (5,000 r.pjn. x 10 min.), washed three times with 
0.1 M phosphate buffer (pH 7.0). Subsequently, the cells were subjected to sonication 10 
(20 KHa, 20 min.) and then centrifuged at 15,000 r.p.m. for 60 min. By using the 
supernatant of enzyme fluid, the resistance of each compound against ^-lactamase was 
determined by the iodometric assay method. The results obtained were as set forth in 
Table 7. Each numeral shown in Table 7 is a relative activity value calculated by 
assuming as 100 the activity of the control Potassium Penicillin G. 15 

Table 7 

Comparison of resistant activity 
against /£ -lactamase 



Compound 


Relative activity 




Potassium Penicillin G 
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From Tables 3 to 6, it is understood that the compounds of the present invention 
have a broader antibacterial spectrum and more excellent antibacterial activity against 
not only Pseudomonas aeruginosa, Klebsiella pneumoniae and Proteus species but also 
20 many drug-resistant bacteria than the control ampicillin and. cephaloglycin, i.e. com- 20 
pounds having an amino group at the o-position of the acyl group. It is also understood 
from Table 7 that the compounds of the present invention are far higher in resistance to * 
^-lactamase than the control drugs. 
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As is clear from the above results, the compounds represented by the formula 
(Ie), among the compounds of the present invention, show prominent effects, and par- 
ticularly preferable compounds are those of the formula (Ie), in which A represents a ■* 
hydrogen atom, or an unsubstituted or substituted alkyl, alkenyl, aryl or aralkyl group; 
5 and R 2 and R? represent individually a hydrogen atom or an alkyl group. 5 

The present penicillins and cephalosporins have generally low toxicity. For ? 
example, 6 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmpcarbonylamino)- - 
phenylacetamido] penicillanic add and 6 - [D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1- 
piperazm<)carbonylammo)phenykcetamido]penidllanic add have LD 3o (i.v. in mouse 
10 having a wdght of 19±1 g) greater than 5 g/kg. 1° 

The compounds of formula (I) of the present invention may be administered not 
only in the form of free adds but also in the form of non-toxic salts or physiologically 
acceptable esters. Further, the compounds, which are in the form of physiologically 
unacceptable esters, are ordinarily put into uses after bringing than to the form of free 
15 adds or non-toxic salts by removing the ester-forming group according to a conven- 15 
tional procedure known in this technical field. 

The compounds of the present invention can be administered to humans and 
animals after formulating them into a physiological form such as tablet, capsule, syrup, 
injection or the like which is usually adopted in the case of penicillin and cephalosporin 
20 type drugs. 20 

Procedures for producing the compounds of the present invention are shown below 
with reference to examples. 

Example 1. 

(1) To a mixture comprising 2.5 g of l-acetyl-3-oxo-piperazine, 3.45 g of tri- 
25 ethylamine and 20 ml of anhydrous dioxane was added a solution of 3.71 g of trimethyl- 25 * 
chlorosilane in 10 ml of anhydrous dioxane. The resulting mixture was refluxed for 17 
hours and cooled to deposit triethylamine hydrochloride, which was then removed by 
filtration. The filtrate was dropped at —40° to — 30°C into a solution of 1.8 g of phos- 
gene in 30 ml of anhydrous methylene chloride. After the dropping, the resulting mix- 
30 ture was elevated in temperature, and reacted at room temperature for 30 minutes. Sub- 30 
secuently, the excess phosgene and the solvent were removed by distillation under 
reduced pressure to obtain 3.5 g of pale brown, oily 4-acetyl-2-oxo-l-piperazino- 
carbonyl chloride. 



m (film) cm- 1 : v 0=0 1790, 1710, 1640 



35 (2) A suspension of 1.0 g. of 6- [D( — )-<r-aminophenylacetamido] penicillanic 35 

add in 20 ml of tetrahydrofuran containing 20% by volume of water was adjusted to a 
pH of 8.0 to 8.5 by gradual addition of triethylamine with stirring, and then cooled to 
0°C. Into the thus treated suspension was dropped a solution of 900 mg of the afore- 
said 4-acetyi-2-oxo-l-piperazinocarbonyl chloride in 5 ml of tetrahydrofuran at said 

40 temperature over a period of 30 minutes. During this period, the pH of the suspension 40 
was maintained at 7.5 to 8.0 by gradual addition of triethylamine. Subsequently the 
temperature of resulting mixture was elevated to 5° to 10°C, and the mixture was 
reacted at said temperature for 1 hour while maintaining the pH thereof at 7.5 to 8.0 by 
addition of triethylamine. After the reaction, the tetrahydrofuran was removed by 

45 reduced pressure distillation, and the residue was dissolved in a mixed solvent com- 45 
prising 30 ml of ethyl acetate and 10 ml of water. The resulting solution was adjusted 
to a pH of 1.5 to 2 by addition of dilute hydrochloric add with ice-cooling, and then 
the organic layer was separated off. The aqueous layer was re-extracted with 20 ml of 
ethyl acetate, and the resulting organic layer was combined with the aforesaid organic 

50 layer. The combined organic layer was washed with water, dried over anhydrous mag- 50 - 
nesium sulfate, and then ice-cooled. Into this organic layer was dropped a solution of 
470 mg of a sodium salt of 2-ethylhexanoic add in 20 ml of ethyl acetate to deposit 
white crystals. The deposited crystals were collected by filtration, washed with ethyl ? 
acetate and then dried to obtain 1.4 g of a sodium salt of 6-[D( — )-o-(4-acetyl-2-oxo- 

55 1-jJ^er^ add, m.p. 205°C (decomp.), 55 

IR (KBr) cmr 1 : v Ca0 1760 (lactam), 1600—1700 (— COOe, — CON<) 
NMR: [(CD 8 ) a SO+D 2 0] r values: 2.73 (5H), 4.35 (1H), 4.75 (2H), 5.75 
(1H), 5.84 (2H), 6.42 (4H), 8.03 (3H), 8.52 (3H), 8.64 (3H) 

60 The above-mentioned operation was repeated, except that the 4-acetyl-2-oxo-l- 
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sequendy, the mixture was stirred at said temperature for 60 minutes. Into the thus 
treated mixture, a solution of 646 mg of a triethyiamine salt off 6-aminopenicillanic acid 
in 30 ml of anhydrous methylene chloride was dropped at —40° to — 30°C over a 

a period of 10 minutes. Thereafter, the mixture was reacted with stirring at —30° to 
5 — 20°C for 60 minutes, at —20° to — 10°C for 30 minutes, and at —10° to 0°C for 5 
30 minutes. After the reaction, the organic solvent was removed by reduced pressure 
distillation. The residue was dissolved in a mixed solvent comprising 50 ml of ethyl 
acetate and 20 ml of water, and the resulting solution was adjusted to a pH of 1.5 to 2.0 
by addition of dilute hydrochloric acid with ice-cooling. Subsequently, the organic layer 

10 was separated off, sufficiently washed with water and then dried over anhydrous mag- 10 
nesium sulfate, and the ethyl acetate was removed by reduced pressure distillation. The 
residue was dissolved in 50 ml of acetone, and the resulting solution was mixed with a 
solution of 340 mg of a sodium salt of 2-ethylhexanoic acid in 20 ml of acetone with 
ice-cooling to deposit white crystals. The deposited crystals were collected by filtration, 

15 sufficiently washed with acetone and then dried to obtain 1.16 g of a sodium salt of 15 
6 - [D( — ) - a - (4 - acetyl - 2 - oxo - 1 - piperazinocarbonylamino)phenykcetamido] - 
penicillanic acid, m.p. 205°C (decomp.), yield 94%. 

Example 3. 

(1) To a mixture comprising 1.0 g of l-palmitoyl-3-oxo-piperazine, 0.6 g of 20 
20 triethyiamine and 20 ml of anhydrous dioxane was added a solution of 0.65 g of tri- 
methylchlorosilane in 10 ml of anhydrous dioxane. The resulting mixture was refluxed 
for 16 hours and cooled to deposit triethyiamine hydrochloride, which was then removed 
by filtration. The filtrate was dropped at —40° to — 30°C into a solution of 0.6 g of 
phosgene in 30 ml of anhydrous methylene chloride. After the dropping, the temperature 25 
25 of the resulting mixture was elevated and the mixture was reacted at room temperature 
for 30 minutes. Subsequently, the excess phosgene and the solvent were removed by 
reduced pressure distillation to obtain 1.1 g of pale yellow, oily 4-palmitoyl-2-oxo-l- 
piperazinocarbonyl chloride. 



30 



IR (film) cm^ 1 : v c=0 1740, 1660, 1640 



m $ \n A suspension of 1.0 g of 6- [D(-)-a-aminophenyIacetamido] penicillanic 30 
w ?o n tetrahydrofuran containing 20% by volume of water was adjusted to a 
pH of 8.0 to 8.5 by gradual addition of triethyiamine with stirring, and then cooled to 
0 C. Into the thus treated suspension, a solution of 1.27 g of the aforesaid 4-palmitoyi- 
2-oxo-l-piperazmocarbonyl chloride in 5 ml of tetrahydrofuran was dropped at said 
35 temperature over a period of 30 minutes. During this period, the pH of the suspension 35 
was maintained at 75 to 8.0 by gradual addition of triethyiamine. Subsequently, the 
temperature of the resulting mixture was elevated to 5° to 10°C, and the mixture was 
reacted at said temperature for 1 hour while maintaining the pH thereof at 7.5 to 8.0 
by addition of triethyiamine. After the reaction, the tetrahydrofuran was removed by 
40 reduced pressure distillation, and the residue was dissolved in a mixed solvent com- 40 
pnsing^O ml of ethyl acetate and 10 ml of water. The resulting solution was adjusted 
to a pH of 1.0 to 2.0 by addition of dilute hydrochloric acid with ice-cooling, and then 
the organic layer was separated off. The aqueous layer was re-extracted with 20 ml of 
ethyl acetate, and the resulting organic layer was combined with the aforesaid organic 
45 layer. Ihe combined organic layer was washed with water, and dried over anhydrous 45 
magnesium sulfate. This organic layer was concentrated under reduced pressure to 
remove the solvent, and the concentrate was charged into 10 ml of diisopropyl ether to 
deposit crystals. Thereafter, the crystals were collected by filtration to obtain 1.65 g of 
white crystals of 6- [D( - )^-(4-palnutoyl-2-oxo-l-piper^^ 
50 acetamido] penicillanic acid, m.p. 121— 123°C (decomp.), yield 80%. 



50 



IR (KBr) am- 1 : v c=0 1770 (lactam), 1730 (— COOH), 1660—1630 
(— CON<). 

The above-mentioned operation was repeated, except that the 4-palmitoyl-2-oxo- 
l-piperazinocarbonyl chloride was replaced by each of the reactive derivatives of com- 
55 pounds of formula (III) shown in Table 9, to obtain respective objective compounds 55 
as shown in Table 9. The structure of each objective compound was confirmed by IR 
and NMR. 7 
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(3) A suspension of 4^0 g of 6-[D( — )^-aminophenylacetamido]penicillanic 
acid in 40 ml of tetrahydrofuran containing 20% by volume of water was adjusted to a 
pH of 8.6 to 8.5 by gradual addition of triethylamine with stirring, and then cooled to 
0°C. Into the thus treated suspension, 10 ml of a tetrahydrofuran solution containing s 

5 2.2 g of the aforesaid 4-methyi-3-oxo-l-piperazinocarbonyl chloride was dropped. 5 
During this period, the pH of the suspension was maintained at 7.5 to 8.5 by gradual 
addition of triethylamine. Subsequently, the resulting mixture was reacted at said tern- 
perature for 30 minutes, and the temperature thereof was elevated to 10° to 15°Q after 
which the mixture was further reacted at said temperature for 90 minutes while main- 

10 taining the pH thereof at 7.5 to 8.0 by addition of triethylamine. After the reaction, the 10 
tetrahydrofuran was removed by distillation under reduced pressure., and the residue 
was dissolved in 30 ml of water. The resulting solution was washed with ethyl acetate, 
and then the aqueous layer was separated off. This aqueous layer was ice-cooled and 
then adjusted to a pH of 1.5 by addition of dilute hydrochloric acid to deposit white 

15 crystals. The deposited crystals were collected by filtration, washed several times with a 15 
small amount of water, dried, and then dissolved in 100 ml of acetone. To the resulting 
solution was added 1.9 g of a sodium salt of 2-ethylhexanoic acid with ice-cooling to 
deposit white crystals, which were then collected by filtration to obtain 5.4 g of a 
sodium salt of 6-[D( — )^(4-methyl-3-oxo-l-piperazinocarbonylamino)phenylacet- 

20 amidojpenicillanic acid, m.p. 195°C (decomp.), yield 92%. 20 

IR (KBr) cm- 1 : v Cas0 1760. (lactam), 1600—1660 (— CON<, —COOS) 
NMR [(CDaJaSO+DjO] r values: 2.62 (5H), 4.48 (1H), 4.56 (2H), 5.97 
(3H), 6.63—6.39 (4H), 7.13 (3H), 8.46 (3H), 8.55 (3H) 

The above-mentioned operation was repeated, except that the 4-methyl-3-oxo-l- 
25 piperazinocarbonyl chloride was replaced by each of the reactive derivatives of com- 25 
pounds of formula (III) shown in Table 10, to obtain respective objective compounds 
as shown in Table 10. The structure of each objective compound was confirmed by IR 
and NMR. 
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of 2-cthylhexanoic acid to deposit white crystals. The deposited crystals were collected 
by filtration and then dried to obtain 1.26 g of white crystals of a sodium salt of 
D v ) ; « " ( 2 - methyl - 3 - oxo - 1 - piperazinocarbonylaraino)phenylacetic add, 
tn.p. 215°C (decomp.), yield 70%. 
5 IR (KBr) crrr- 1 : 1650—1590 5 

(2) To a suspension in 15 ml of anhydrous acetone of LO g of the above-men- 
tioned sodium salt of D(~)-a-(2-methyI-3K)xo-l-pirwrazinocarbonylamino)phenyI^ 
acetic acid was added 10 mg of N-methylmorpholine. The resulting mixture was cooled 
to -20° to ~15°C, and a solution of 380 mg of ethyl chlorocarbonate in 5 ml of 

10 anhydrous acetone was dropped into said mixture over a period of 5 minutes. Subse- 10 
qu ^ ?9 mixtuie was stirred at said temperature for 60 minutes, and then cooled to 
—40 to — 30°C. Into the thus treated mixture was dropped a solution of 960 mg of a 
trie%lamine salt of 6-aminopenicillanic add in 10 ml of anhydrous methylene chloride 
over a period of 10 minutes. Thereafter, the mixture was reacted with stirring at —30° 

15 to -20°C for 60 minutes, at -20° to -10°C for 30 minutes* and at -10° to 0°C 15 
for 30 minutes. After the reaction, the organic solvent was removed by distillation under 
reduced pressure. The residue was dissolved in a mixed solvent comprising 20 ml of 
water and 50 ml of ethyl acetate, and the resulting solution was. adjusted to a pH of 
1.5 by addition of dilute hydrochloric acid with ice-cooling. Subsequently, the organic 

20 layer was separated off, sufficiently washed with water and then dried over anhydrous 20 
magnesium sulfate. To this organic layer was added 0.5 g of a sodium salt of 2-ethyl- 
hexanoic add with ice-cooling to deposit white crystals. The deposited crystals were 
collected by filtration, and then dried to obtain 1.39 g of a sodium salt of 6-[D(—y 
tt-(2-methyl-3-oxo-l-pipera2moc^^ aci^L m.p. 

25 208°C (decomp.), yield 90%. 25 
In the same manner as above, 2.0 g of a sodium salt of 6 - [D( — ) -o- 
(4 - ethyl - 3 - oxo - 1 - piperazinocarbonylamino)propiona^ add, 
m.p. 195°C (decomp.), yield 86%, was obtained from 1.59 g of a sodium salt of 
D( — ) - a - (4 - ethyl - 3 - oxo - 1 - piperazinocarbonylamino) propionic add and 

30 1.59 g of atriethylaminesaltof 6-amkopenicillanic add. 30 
IR (KBr) cm- 1 : v c=c 1760 (lactam), 1680—1600 (— CON<, — COO©) 

Example 6. 

(1) Into a solution of 0.5 g of phosgene in 10 ml of anhydrous dioxane was . 
dropped at 10° C 10 ml of anhydrous dioxane containing 0.56 g of l-allyl-2-oxo-piper- 35 
35 azine and 0.5 g of triethylamine, upon which reaction took place to deposit white 
crystals of triethylamine hydrochloride. Subsequently, the deposited crystals were col- 
lected by filtration, and the filtrate was concentrated to dryness to obtain 800 mg of 
pale yellow, oily 4-allyl-3-oxo-l-piperazinocarbonyl chloride. 

IR (film) cm" 1 : v c=0 1720, 1640 

40 (2) A suspension of 1.4 g of 6-[D(~)^-aminophenylacetanudo]penidllanic 40 

add in tetrahydrofuran containing 20% by volume of water was adjusted to a pH of 
8.0 to 8.5 by gradual addition of triethylamine with stirring, and then cooled to 0°C 
Into the thus treated suspension was dropped 10 ml of a tetrahydrofuran solution con- 
taining 800 mg of the aforesaid 4-aIlyl-3-oxo-l-piperazinocarbonyl chloride. During 
45 this period, the pH of the suspension was maintained at 7.5 to 8.5 by gradual addition 45 
of m'ethylamine. Subsequently, the resulting mixture was reacted at said temperature 
for 30 minutes, and the temperature thereof was then devated to 10° to 15°Q after 
which the mixture was further reacted at said temperature for 90 minutes while main- 
taining the pH thereof at 75 to 8.0 by addition of triethylamine. After the reaction, the 
50 tetrahydrofuran was removed by distillation under reduced pressure, and the residue 50 
was dissolved in 20 ml of water. The resulting solution was washed with ethyl acetate, 
and the aqueous layer was then separated off. This aqueous layer was ice-cooled and 
adjusted to a pH of 1.5 by addition of dilute hydrochloric acid to deposit white crystals. 
The deposited crystals were collected by filtration, sufficiently washed with water and 
then dried to obtain 1.8 g of 6-[D(-)^(4-allyi-3-oxo-l-pipera2inocarbonylainino)- 
phenykcetamido]penicilIanic add, m.p. 92°C (decomp.), yield 90%. 

IR (KBr) cm- 1 : v Ca0 1760 (lactam), 1720—1620 (— COOH, — CON<) 



55 



55 



60 



The above-mentioned operation was repeated, except that the 4-aIryl-3-oxo-l- 
r^perazmocarbonyl chbride was replaced by each of the reactive derivatives of com- 
pounds of formula (in) shown in Table 11, to obtain respective objective compounds 60 
as ™ Table 11- The structure of each objective compound was confirmed by IR 
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to 15°C for 3 hours to terminate the reaction. Subsequently, the tetrahydrofuran and 
the excess phosgene were removed by distillation under reduced pressure to obtain 
11.0 g of oily 4-acetyl-2,5-dioxo-l-piperaanocarbonyl chloride. 

(2) A suspension of 17.5 g of 6^[D(~)^-ammophenylacetamido]penicillanic 
5 acid m 200 ml of tetrahydrofuran containing 20% by volume of water was adjusted to 5 
a pH of 8.0 to 8 J by gradual addition of triethyl amine with stirring at 10° to 15°C to 
form a homogeneous solution. Into this solution was dropped a solution of 11.0 g of the 
aforesaid 4-acetyl-2^-dioxo-l-pipera2inocarbonyl chloride in 30 ml of tetrahydrofuran 
at 0 C over a period of 30 minutes. During this period, the pH of the reaction solution 

10 was maintained at 7.5 to 8.0 by gradual addition of triethylamine. Subsequently, the 10 
temperature of the resulting mixed solution was elevated to 5° to 10°C and the solution 
was further reacted for 1 hour while maintaining the pH thereof at 7.5 to 8.0 by addi- 
tion of triethylamine. After completion of the reaction, the tetrahydrofuran was removed 
by distillation under reduced pressure. To the residue was added 100 cc of N hydro- 

15 chloric acid at 0° to 10°C and the resulting mixture was stirred for 30 minutes to 15 
deposit white crystals. The deposited crystals were collected by filtration, and again 
suspended in water. The resulting aqueous suspension was adjusted to a pH of 8.0 by 
gradual addition of triethylamine at 5° to 10° C, and then freed from insolubles by fil- 
tration. The filtrate was adjusted to a pH of 1.5 by gradual addition of N-hydrochloric 

20 acid to deposit crystals. The deposited crystals were collected by filtration, washed with 20 
water and then dried to obtain 21.2 g of 6-[D(-)-a.(4-acetyl-2,5-dioxo-l-piperazino- 
carbonylamino)phenylacetamido]penicillanic acid, b.p. 162— 164° C (decomp.), yield 



IR (KBr) cm- 1 : y c=0 1770 (lactam), 1730-1660 (— COOH, — CON<) 
25 NMR ((CD a ) a CQ) r values: 0.23 (IH), 2.65 (5H), 4.26 (1H), 4.33—4.63 25 

(2H), 5.38 (4H), 5.68 (IH), 7.55 (3H), 8.47 (3H), 8.53 (3H) 



30 



The above-mentioned operation was repeated, except that the 4-acetyl-2,5-djoxo- 
l-piperazinocarbonyl chloride was replaced by each of the reactive derivatives of com- 
pounds of formula (III) shown in Table 12, to obtain respective objective compounds 
as shown in Table 12. The structure of each objective compound was confirmed by IR 30 
and NMR. 
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Example 10. 

(1) A suspension of 8.0 g of D(— )-a-aminophenyl acetic acid in 80 ml of tetra- 
hydrofuran was adjusted to a pH of 11.5 by gradual addition of a N sodium hydroxide 
solution with stirring to form a homogeneous solution. This solution was cooled to 0°C, c - 

5 and 15 ml of a tetrahydrofuran solution containing 11 g of 4-acetyl-2,5-dioxo-l-piper- 5 
azinocarbonyl chloride was dropped at said temperature into said solution over a period 
of 30 minutes. During this period, the pH of the reaction solution was maintained at a 
10.5 to 11.0 by gradual addition of a N sodium hydroxide solution. Subsequently, the 
temperature of the resulting mixed solution was elevated to 5° to 10°C, and the mix- 

10 ture was further reacted, for 1 hour, upon which D(— )-«-aminophenylacetic acid 10 
deposited. After completion of the reaction, the deposited acid was separated by filtra- 
tion, and the filtrate was concentrated under reduced pressure to remove tetrahydro- 
furan. The residue was dissolved in a mixed solvent comprising 10 ml of water and 
80 ml of ethyl acetate, and the resulting solution was adjusted to a pH of 1.0 by addi- 

15 tion of dilute hydrochloric acid with ice-cooling. Subsequently, the organic layer was 15 
separated off, dried over anhydrous magnesium sulfate, and then charged inta 100 ml 
of an ethyl acetate solution containing 8.3 g of sodium 2-ethylhexanoate to deposit 
crystals. The deposited crystals were collected by filtration, washed with acetone, and 
then dried over P 2 O s to obtain 7.9 g of a sodium salt of D( — )-a-(4-acetyl-2,5-dioxo- 

20 l-piperaziriocarbonylamino)phenylacetic acid, m.p. 104°C (decomp.), yield 42%. 20 

IR (KBr) cm -1 : v c=0 1690 — 1650, 1600—1590 

(2) To a suspension in 25 ml of anhydrous acetone of 1.75 g of the aforesaid 
sodium salt of D( — )^-(4-acetyl-2,5-dioxo-l-pipei^inocarbonylamino)phenylacetic 
acid was added 20 mg of N-methylmorpholine, and the resulting mixture_was cooled to 

25 —20° to — 15°C. Into this mixture was dropped a solution of 0.57 g of ethyl chloro- 25 
carbonate in 5 ml of anhydrous acetone over a period of 5 minutes, and the mixture was 
stirred at said temperature for 60 minutes. Subsequently, a solution of 129 g of a tri- 
ethylamine salt of 6-aminopenidllanic acid in 30 ml of anhydrous methylenechloride 
was dropped into said mixture at —40° to — 30°C over a period of 10 minutes. The 

30 temperature of the resulting mixture was elevated from — 30°C to 0°C, and the mix- 30 
ture Was then reacted at said temperature for about 2 hours. After the reaction, the sol- 
vent was removed by distillation under reduced pressure. The residue was charged into 
30 ml of water* and the resulting mixture was freed from insolubles by filtration with 
ice-cooling. The filtrate was adjusted to a pH of 1.5 to 2.0 by addition of dilute hydro- 

35 chloric acid to deposit crystals. The deposited crystals were collected by filtration, suffi- 35 
ciently washed with water, and then dried to obtain 2.34 g of 6-[D(— )-«-(4-acetyl- 
2,5-dioxo-l-pir^azinocarbonylanuho) acid, m.p. 162-— 

164°C (decomp.), yield 90% 

In the same manner as above, 530 mg of 6-[D(~ )^(4-benzyi-2,2-pentaniethyl- 

40 ene-3,5-dioxo-l-piperazinocarbonylamino)phenylacetamido]penicillanic acid, m.p. 95 — 40 
100°Q yield 82.68%, was obtained from 450 mg of D( - )^r-(4-benzyl-2,2-penta- 
methylene-3,5-dioxo-l-pipera2inocarbonylamino)phenylacetic acid and 320 mg of a 
triethylamine salt of 6-amino-penicillanic acid. . 

IR (KBr) cm- 1 : v CbsC 1770 (lactam), 1700—1660 (— COOH, — CON< ) 

45 Example li. 45 

(1) Into a mixture comprising 8 g of a diethyl ester of oxalic acid and 8 ml of 
ethanol was dropped at room temperature 4.4 g of N-ethyl ethylenediamine. The result- 
ing mixture was allowed to react for 3 hours, and then heated to remove the ethanol. 
Subsequently, the residue was recrystallized from 10 ml of dioxane to obtain 5.4 g of 

50 l-ethyl-2,3-dioxo-piperazine, m.p. 124°C, yield 76.0%. " 50 

(2) To a suspension of 0.71 g of the above-mentioned l-ethyl-2,3-dioxo-piper- 
azine in 15 ml of anhydrous dioxane were added with stirring 0.70 g of trimethylsilyl 
chloride and 0.83 ml of triethylamine. The resulting mixture was stirred at room tem- 
perature for 20 hours to deposit triethylamine hydrochloride. This hydrochloride was 

55 separated by filtration, and the filtrate was dropped at 5° to 10°C into a solution of 55 
0.70 g of phosgene in 10 ml of anhydrous tetrahydrofuran. Subsequently, the resulting 
mixture was reacted at 5° to 10°C for 30 minutes and at room temperature for 2 hours, 
and thai the solvent was removed by distillation under reduced pressure to obtain 1.0 g 
of pale yellow crystals of 4-ethyl-2,3-dioxo-l-piperazinocarbonyl chloride. 

60 IR (KBr) cm- 1 : v 0=0 1780, 1660 60 
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(3) A suspension of 1.75 g of 6-[D(— )^aminoph€nylacetamido]penicillanic 
acid in 50 ml of tetrahydrofuran containing 20% by volume of water was adjusted to a 
pH of 8.0 to 8.5 by addition of triethylamine with stirring to form a solution. This 

" solution was cooled to 0° to 5°C, and then 7 ml of an anhydrous tetrahydrofuran solu- 
5 tion containing 1.0 g of the aforesaid 4-ethyl-2,3^oxo-l-piperazinocarbonyl chloride 5 
was dropped into the solution. During this period, the pH of the reaction solution was 
maintained at 7.5 to 8.0 by gradual addition of triethylamine. The resulting mixed solu- 
tion was reacted at said temperature for 30 minutes and then at 5° to 10°C for 1 hour, 
while maintaining the pH thereof at 7.5 to 8.0. After the reaction, the tetrahydrofuran 

10 was removed by distillation under reduced pressure, and the residue was dissolved in 10 
20 ml of water and then washed two times with 20 ml of ethyl acetate. To the aqueous 
layer was again added 50 ml of ethyl acetate, and the resulting mixture was adjusted to 
a pH of 1.5 by gradual addition of dilute hydrochloric acid with ice-cooling. Subse- 
quently, the ethyl acetate layer was separated off, sufficiently washed with water, and 

15 then dried over anhydrous magnesium sulfate. Into the thus treated layer was dropped 15 
10 ml of an ethyl acetate solution containing 0.83 g of sodium 2-ethyl-hexanoate to 
deposit white crystals. The deposited crystals were collected by filtration, sufficiently 
washed with ethyl acetate, washed with diethyl ether, and then dried to obtain 2.4 g of 
a sodium salt of 6-[D(~)^(4-ethyl-2,3-dioxo-l-pipera2inocarbonylamino)phenyl- 

20 acetamidojpenicillanic add, m.p. 183— 185°C (decomp.), yield 89%. 20 

IR (KBr) cm- 1 : v 0=0 1765 (lactam), 1720—1670 (— CON<), 1600 (—C003) 
NMR ((CD S ) 2 S(>+D 2 0) r values: 2.62 (5H), 4.31 (1H), 4.50 (1H), 4.70 
(1H), 6.05 (1H), 6.35—6.65 (6H), 8.49 (3H), 8.60 (3H), 8.91 (3H) 

The above-mentioned operation was repeated, except that the 4-ethyl-2,3-dioxo- 25 
25 1-piperazinocarbonyl chloride was replaced by each of the reactive derivatives of com- 
pounds of formula (III) shown in Table 13, to obtain respective objective compounds 
as shown in Table 13. The structure of each objective compound was confirmed by IR 
and NMR. 
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dried over magnesium sulfate, and then concentrated to a liquid amount of about 2 ml 
To the concentrate was added 20 ml of diisopropyl ether to deposit crystals, which 
were then collected to obtain 0.95 g of crystals of a phthalide ester of 6-[D( — )-a-(4- 
methyl-2,3-dioxo-l-pipei^inocarbonylamuio)phe^^ acid, m.p. ? 

5 157— 160°C (decomp.), yield 90.0%. 5 

IR (KBr) cm" 1 : v c=0 1780 (lactam), 1715 (ester), 1680 (— CON<) 
NMR ((CD 8 ) 8 COi+D 8 0) r values: 2.12 (4H), 2.40 (1H), 2.58 (5H), 4.25— 
4.60 (3H), 5.45 (1H), 5.85—6.42 (4H), 6.90 (3H), 8.50 (6H) 

The above-mentioned operation was repeated, except that the 4-methyl-2,3-dioxo- 
10 1-piperazinocarbonyl chloride was replaced by each of die reactive derivatives of com- 10 
pounds of formula (III) shown in Table 15, to obtain respective objective compounds 
as shown in Table 15. The structure of each objective compound was confirmed by IR 
and NMR. 
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Example 15. 

A solution of 0.86 g of a hydrochloride of methoxymethyl ester of 6-[D( — )-«- 
ammophenylacetamido]pQaicillanic acid in 15 ml of tetrahydrofuran containing 20% 
by volume of water was adjusted to a pH of 8.0 to 8 J by addition of triethylamine at 

5 0° to 5°C Into this solution, a solution of 0.38 g of 4-methyl-2,3-dioxo-l-piperazino- 
caxbonyl chloride in 10 ml of tetrahydrofuran was dropped over a period of 10 minutes. 
During this period, the pH of the reaction solution was maintained at 7.5 to 8.0 by 
gradual addition of triethylamine. The resulting mixed solution was reacted for 30 
minutes, while maintaining the pH thereof at 7.5 to 8.0. After completion of the reac- 

10 tion, the tetrahydrofuran was removed by distillation under reduced pressure. The 
residue was dissolved in a mixed solvent comprising 50 ml of water and 50 ml of ethyl 
acetate, and the resulting solution was adjusted to a pH of 1.5 by addition of dilute 
hydrochloric acid with ice-cooling. Subsequently, the organic layer was separated off, 
washed with Water, dried over anhydrous magnesium sulfate, and then freed from the 

15 solvent by distillation under reduced pressure to form crystals. The thus formed crystals 
were washed with diethyl ether to obtain 0.9 g of a methoxymethyl ester of 6-[D( — )- 
a-(4-methyl-2,3-dioxo-l-piperazm^ penicillanic acid, 

m.p. Ill— 115°C (decomp.), yield 82.5%. 




20 



The above-mentioned operation was repeated, except that the 4-methyl-2,3-dioxo- 
1-piperazinocarbonyl chloride was replaced by each of the reactive derivatives of com- 
25 pounds of formula (III) shown in Table 16, to obtain respective objective compounds 
as shown in Table 16. The structure of each objective compound was confirmed by IR 
and NMR. 
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Example 18. 

Using 0.93 g of a hydrochloride of i/3-morpholinoethyl ester of 6-[D( — )-<*-amino- 
phenylacetamidojpenicillanic acid and 0.39 g of 4-methyl-2,3-dioxo-l-piperazino- 
carbonyl chloride, the same operation as in Example 15 was repeated to obtain 0.8 g of * 
5 a 0-morpholinoethyl ester of 6-[D( — )^(4-methyl~2,3-dioxo-l-pipeminocarbonyl- 5 
amino) phenylacetamido] penidllanic acid, m.p. 150^153°C (decomp.), yield 73%. 

IR (KBr) cm- 1 : 1780 (lactam), 1740 (ester), 1710—1680 (— CON<) 
NMR (CDCls) r values: 2.55 (5H), 4.3—4.55 (3H), 5.6 (1H), 5.7 (3H), 6.0 
(2H), 6.3 (2H), 7.4 (2H), 7.5 (4H), 8.5 (6H) 

10 The above-mentioned operation was repeated, except that the 4-methyl-2,3-dioxo- 10 

1- piperazinocarbonyl chloride was replaced by 4-n-octyl-2 5 3-dioxo-l-piperazinocarbonyl 
chloride, to obtain a jff-morpholinoethyl ester of 6- [D(— )-a-(4-n-octyl-2 J 3-dioxo-l- 
piperazinocarbonylainino)phenylacetamido] penidllanic acid, m.p. 103 — 105° C 
(decomp.), yield 70%. 

15 Example 19. 15 

(1) To a solution of 8.7 g of a sodium salt of D( — )-«rphenyIglycine in 50 ml 
of water were added 50 ml of ethyl acetate and 5.05 g of triethylamine. To the resulting 
mixture was gradually added 9.5 g of 4-methyl-2,3-dioxo-l-piperazinocarbonyl chloride 
at 0° to 5 P C over a period of 15 minutes, and then the mixture was reacted at 5° to 

20 15 0 C for 30 minutes. After the reaction, the aqueous layer was separated off, washed 20 
with diethyl ether, and then adjusted to a pH of 1.5 by addition of dilute hydrochloric 
acid to deposit crystals. The deposited crystals were collected by filtration, washed with 
water and dried to obtain 14.1 g of D( — )-a-(4-methyl-2,3-dioxo-l-piperazinocarbonyl- 
amino)phenylacetic acid, m.p. 138— 141°C (decomp.), yield 87%. Recrystallization 

25 from hydrous butanol gave white crystals, m.p. 140— 142°C (decomp.). 25 

Elementary analysis (for CuH^Os . H 2 0) : 

Calculated (%) G: 52.01 H: 5.30 N: 13.00 

Found (%) C: 5224 H: 5.32 N: 12.87 
IR (KBr) cm- 1 : 1710, 1700, 1660 

30 (2) Into a solution of 10 g of the above-mentioned D(— )-a-(4-methyl-2,3- $0 

dioxo-l-piperazinocarbonylamino)phenylacetic add in 200 ml of acetone was dropped 
a solution of 5.2 g of a sodium salt of 2-ethylhexanoic acid in 50 ml of acetone with 
stirring to deposit crystals. The deposited crystals were collected by filtration and then- 
washed with acetone to obtain 9.6 g of a sodium salt of D( — )-a-(4-methyl-2,3-dioxo- 

35 l-piperazinocarbonylamino)phenylacetic add, m.p. 165°C (decomp.), yield 95%. 35 
(3) To a suspension of 8.8 g of the above-mentioned sodium salt of D( — )-<t- 
(4-methyl-2,3-dioxo-l-pipera2inocaibonylamino)phenylacetic add in 80 ml of methyl- 
ene chloride was added 20 mg of N-methylmorpholine. Into the resulting mixture was 
dropped a solution of 3.1 g of ethyl chlorocarbonate in 20 ml of methylene chloride at 

40 —20° to — 15°C over a period of 5 minutes, and the mixture was reacted at said tern- 40 
perature for 1 hour. Into this reaction liquid was dropped a solution of 9.4 g of a tri- 
ethylamine salt of 6-aminopenidllanic add in 40 ml of methylene chloride at —40° to 
— 30°C over a period of 10 minutes, and the resulting mixture was reacted at —40° to 
— 20°C over a period of 1 hour. After the reaction, the temperature of the reaction 

45 liquid was gradually elevated to 0°C over a period of 1 hour, and the mixture was then 45 
subjected to extraction with 100 ml of water. Subsequently, the aqueous layer was 
separated off, and the methylene chloride layer was further subjected to extraction with 
50 ml of water, and the resulting aqueous layer was combined with the aforesaid aqueous 
layer. The^ combined aqueous layer was adjusted to a pH of 2 by addition of dilute 

50 hydrochloric acid with ice-cooling to deposit crystals. The deposited crystals were col- 50 
lected by filtration, sufficiently washed with water, dried and then dissolved in 200 ml 
of acetone. Into the resulting solution was dropped a solution of 4 g of a sodium salt of 

2- ethylhexanoic add in 40 ml of acetone over a period of 10 minutes to deposit crystals. 
The deposited crystals were collected by filtration, washed with acetone and then dried 

55 to obtain 11.4 g of a sodium salt of 6-[D(~)-o-(4-methyl-2,3-dioxo-l-piperazino- 55 
carbonylamino)phenylacetamido]penicillanic add, m.p. 170°C (decomp.), yield 80.8%. 

The above-mentioned operation was repeated, except that the D( — )-a-(4-methyl- 
2,3-dioxo-l-piperazinocarbonylamino)phenylacetic add was replaced by each of the 
compounds of formula (V) shown in Table 18, to obtain respective objective com- 

60 pounds as shown in Table 18. The structure of each objective compound was confirmed 60 
by IR and NMR. 
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Example 20. 

To a solution of 2.28 g of D(~)«^amino-l,4-cydohexadienylacetic acid in 
N NaOH were added 20 ml of ethyl acetate and 2.1 ml of triethylamine, and 
the resulting mixture was cooled to 0°C. To this mixture was gradually added 1.69 g of * 
5 4-merayl-2,3-<uoxo-l-piperazmocarbonyl chloride over a period of 10 minutes. Sub- 5 
sequently, the mixture was reacted for 30 minutes with ice-cooling, and then the aqueous 
layer was separated off. To the aqueous layer was further added 20 mi of ethyl acetate. - 
The resulting mixture was adjusted to a pH of 2 by addition of 2N hydrochloric acid 
with ice-cooling, and the ethyl acetate layer was separated off. The organic layer was 
10 sufficiently washed with water, dried over anhydrous magnesium sulfate, freed from the 10 
solvent by distillation under reduced pressure and then incorporated with isopropyl 
alcohol to deposit crystals. The deposited crystals were collected by filtration to obtain 
2.5 g of white crystals of D(— )-a-(4-methyl-2 3 3-dioxo-l-piperazinocarbonyIamino)- 
1,4-cyclohexadienylacetic acid, m.p. 140— 145°C (decomp.), yield 74%. 

15 IR (KBr) cm" 1 : 3300, v c=0 1715, 1660 15 

NMR (d 6 -DMSO) r values: 0.57 (1H, d), 4.26 (1H, s), 4.36 (2H, s), 5.29 
(1H, d), 6.07—6.18 (2H, m), 6.38—6.49 (2H, m), 7.05 (3H, s), 
7.35 (4H, s) 

(2) To a suspension of 0.45 g of the above-mentioned D ( — )-«- (4-methyl-2,3- 

20 moxo-l-piperazinocarbonylamino)-l,4-cyclohexadienylacetic acid in 15 ml of anhydrous 20 
methylene chloride was added 0.24 ml of N-methylmorpholine with stirring to form a 
solution. After cooling the solution of — 10°C, 3 ml of an anhydrous methylene chloride 
solution containing 0.24 g of ethyl chlorocarbonate was dropped into the solution, and 
the resulting mixture was reacted at said temperature for 90 minutes. Subsequently, the 

25 reaction liquid was cooled to — 20°C, and 5 ml of a methylene chloride solution con- 25 
taining 0.70 g of a triethylamine salt of 6-aminopeniciIlanic acid and 0.31 ml of triethyl- 
amine was gradually dropped into the reaction liquid! The resulting mixture was 
reacted at -20°C for 1 hour, at -20° to 0°C for 1 hour, and at 0° to 5°C for 1 hour. 
Thereafter, the reaction liquid was freed from the solvent by distillation under reduced 

30 pressure. The residue was dissolved in 10 ml of water and then washed with 10 ml of 30 
ethyl acetate. The aqueous layer was again incorporated with 15 ml of ethyl acetate, 
and then adjusted to a pH of 2.0 by addition of 2N HC1 with ice-cooling. Subsequently, 
the ethyl acetate layer was separated off, washed with water, dried over anhydrous 
magnesium sulfate, and freed from the solvent by distillation under reduced pressure to 

35 obtain 0.74 g of white crystals of 6-[D( — )^(4-methyl-2,3-dioxo-l-piperazino- 35 
carbonylarmno)-l,4-cyclohexadienylacetarmdo]penicillanic acid, m.p. 84— 87°C 
(decomp.), yield 87%. 

IR (KBr) cm- 1 : v Css0 1780 (lactam), 1730—1660 (— COOH, — CON<) 
NMR (d 6 -DMSO) r values: 0.55 (1H, d), 0.95 (1H, d), 4.22 (1H, s), 4.35 
40 (2H, s), 4.41—4.61 (2H, s), 4.92 (1H, d), 5.75 (1H, s), 6.05 (2H, bs), 40 

6.40 (2H, bs), 7.03 (3H, s), 7.35 (4H, s), 8.40 (3H, s), 8.52 (3H, s) 

The thus obtained product was adjusted to a pH of 7.0 by neutralization with an 
aqueous sodium hydrogencarbonate solution, and then subjected to filtration and freeze- 
drying to obtain a sodium salt thereof. 
45 The above-mentioned operation was repeated, except that the D( — )-a-(4-methyl- 45 

2^-dioxo-l-piperazmocarbonyIamino)-l,4-cyclohexadienylacetic acid was replaced by 
each of the compounds of formula (V) shown in Table 19, to obtain respective objective 
compounds as shown in Table 19. The structure of each objective compound was con- 
firmed by IR and NMR. 
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Example 21. 

(1) To a solution of 2.2 g of DL^anuno-2-thienylacetic acid in 14 ml of a N 
sodium hydroxide solution was added at 0°C 2.2 g of triethylamine. To the resulting 
mixture was further added 3.6 g of 4-methyl-2 3 3-dioxo-l-piperazinocarbonyl chloride ~ 

5 little by little at said temperature. Subsequently, the mixture was reacted at 0°C for 30 5 
minutes, and then at room temperature for 30 minutes. After the reaction, the reacion 
liquid was adjusted to a pH of 1.0 by addition of dilute hydrochloric add to deposit 
crystals. The deposited crystals were collected by filtration, washed with water and then 
dried to obtain 3.5 g of DL^(4-methyl-^3^oxo-l-piperazuiocaibonylamino)-2- 
10 thienylacetic acid, m.p. 214— 215°C(decomp.), yield 80.5%. .10 

IR (KBr) cm- 1 : v c=0 1710, 1680—1660 

(2) Into a solution of 3.5 g of the above-mentioned DL-a-(4-methyl-2,3-dioxo- 
l-piperazinocarbonylamino)-2--thienylacetic acid in 100 ml of acetone was dropped a 
solution of 1.86 g of a sodium salt of 2-ethylhexanoic acid in 50 ml of acetone, upon 

15 which crystals were deposited. The deposited crystals were collected by filtration and *5 
then washed with acetone to obtain 3.5 g of a sodium salt of DL-a-(4-methyl-2,3- 
dioxo-l-piperazin(K»rbonylamino)-2-thienylacetic acid, m.p. 175 — 176°C (decomp.). 

(3) To a suspension of 3.3 g of the above-mentioned sodium salt of DL-«-(4- 
meth^-2,3-dioxo-l-pipera2inocarbonylarnino)-2-tliienylacetic acid in 50 ml of methyl- 

20 ene chloride was added 30 mg of N-methylmorpholine, and the resulting mixture was 

20 

then cooled to —20° to — 15 6 C. Into the resulting mixture was dropped a solution of 
13 g of ethyl chlorocarbonate in 20 ml of methylene chloride over a period of 5 minutes, 
and the mixture was stirred at said temperature for 90 minutes. Subsequently, a solu- 
tion of 3.3 g of a triethylamine salt of 6-aminopenicillanic acid in 50 ml of methylene 

25 chloride was dropped into the mixture at —50° to — 40°C over a period of 20 minutes, 25 
and the resulting mixture was reacted with stirring at —40° to — 30°C for 30 minutes, 
at —30° to — 20°C for 30 minutes, and then at —20° to 0°C for 30 minutes. After 
the reaction, the solvent was removed by distillation under reduced pressure, and the 
residue was dissolved in water. The resulting aqueous solution was adjusted to a pH of 

30 2.0 by addition of dilute hydrochloric acid with ice-cooling to deposit crystals. The 30 
deposited crystals were collected by filtration, sufficiently washed with water and then 
dried to obtain 4.1 g of 6-[DL-«-(4-methyl-2,3-dioxo-l-piperazinocarbonylamino)-2- 
thienylacetamido]penicillanic acid, m.p. 185°C (decomp.), yield 80.5%. 

IR (Nujol Registered Trade Mark) cm" 1 : v 0=0 1780 (lactam), 1715 (— COOH), 
35 1685—1675 (-CON<) * 35 

NMR ((CD 3 ) a CO) r values: 0.5 (1H), 1.8 (IH), 2.6 (1H), 2.85—3.05 (2H), 
4.0 (1H), 4.2-^.5 (2H), 5.7 (1H) S 5.8-6.0 (2H), 6.2—6.4 (2H), 
6.95 (3H), 8.4 (3H), 8.45 (3H) V * 

The thus obtained product was adjusted to a pH of 7.0 by neutralization with an 
40 aqueous sodium hydrogencarbonate solution, and then subjected to filtration and freeze- 40 
drying to obtain a sodium salt thereof. 

The above-mentioned operation was repeated, except that the sodium salt of DL- 
<t-(4-methyl-2,3*-dioxo-l-piperazinocarbonylamino)-2-thienyIacetic acid was replaced 
by each of the compounds of formula (V) shown in Table 20, to obtain respective 
45 objective compounds as shown in Table 20. The structure of each objective compound 45 
was confirmed by IR and NMR. 
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Example 22. 

To a suspension of 0.9 g of 6-tD(~)^aminophenyIacetamido]peiiici]lanic acid 
in 30 ml of anhydrous ethyl acetate were added at 5° to 10°C 0.55 g of triethylamine 
and 0.6 g of trimethyMyl chloride. The resulting mixture was reacted at 15° to 20°C 
5 for 3 hours to form trimethylsilylated 6- [D( — ) -a-aminophenylacetamido] penicillanic 
acid. To this acid was then added 1 g of 4-ethyl-2,3-dioxp-l-piperazinocarbonyl 
chloride, and the resulting mixture was reacted at 15° to 20°C for 2 hours. After the 
reaction, a deposited triethylamine hydrochloride was separated by nitration, and the 
filtrate was incorporated with 0.4 g of n-butanol to deposit crystals. The deposited 

10 crystals were collected by filtration to obtain 125 g of white crystals of 6-[D( — )^a- 
(4^myl-2,3-dioxo-l-piperazmocarbonylamino)phenylacetamido] penicillanic acid. Into 
a solution of said crystals in 30 ml of tetrahydrofuran was dropped a solution of 0.38 g 
of a sodium salt of 2-ethylhexanoic acid in 10 ml of tetrahydrofuran, upon which white 
crystals were deposited. The deposited crystals were collected by filtration, sufficiently 

15 washed with tetrahydrofuran and then dried to obtain 1.25 g of a sodium salt of - 15 
6 -[D( — ) - <r - (4 - ethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)phenylacet- 
amido] penicillanic acid, m.p. 183— 185°C (decomp.), yield 90%. 

Example 23. 

To a suspension of 4 g of a trihydrate of 6-[D( — )-a-aminophenylacetamido]- 
20 penicillanic acid in 40 ml of water was added 20 ml of ethyl acetate, and the resulting 20 
mixture was cooled to 2°C. Subsequently, the mixture was incorporated with 1.37 g of 
potassium carbonate, and then stirred at 2° to 3°C for 2 minutes. Thereafter, 1.89 g of 
4-methyl-2^-dioxo-l-piperazinocarbonyl chloride was added to the mixture at said 
temperature over a period of 10 minutes, and the resulting mixture was reacted at said 
25 temperature for 15 minutes. After the reaction, slight amounts of insolubles were separ- 25 
ated by filtration, and the filtrate was charged into 80 ml of ethyl acetate. Into the 
resulting mixture was dropped 5 ml of 2N HC1 at 20° to 22°C over a period of 5 
minutes, and the mixture was stirred at said temperature for 5 hours to deposit crystals. 
The deposited crystals were collected by filtration, washed two times with 4 ml of water, 
30 further washed two times with 4 ml of isopropanol, and then dried to obtain 4.0 g of a 30 
dihydrate of 6-[D( — )^-(4-methylr2,3-dioxo-l-piperazinocarbonyIamino)phenylacet- 
amido] penicillanic acid, m.p. 156— 157°C (decomp.), yield 75.4%. 

IR (KBr) cm" 1 : v c=0 1775, 1740, 1695, 1670 

NMR (d 6 -DMSO) r values: 0.18 (1H, d), 0.77 (1H, d), 2.66 (5H, s), 4.30 
35 (1H, d), 4.40 (3H, br), 4.48 (1H, g), 4.65 (1H, d), 5.80 (1H, s), 35 

6.12 (2H, bs), 6.45 (2H, bs), 7.06 (3H, s), 8.48 (3H, s), 8.60 (3H, s) 

The above-mentioned operation was repeated, except that the 4-methyl-2,3-dioxo- 
1-piperazinocarbonyl chloride was replaced by 4-ethyl-2,3 -dioxo- 1-piperazinocarbonyl 
chloride, to obtain a monohydrate of 6- [D( — ) (4-ethy 1-2,3 -dioxo- 1 -piperazina - 
40 carbonylamino)phenylacetamido]penicillanic acid, m.p. 154— 156°C (decomp.), yield 40 
84.8%. 

IR (KBr) cm" 1 : v c=0 1775, 1735, 1705, 1680, 1665 

NMR (d e -DMSO) r values: 0.20 (1H, d), 0.76 (1H, d), 2.69 (5H, s), 4.32 
(1H, d), 4.53 (1H, q), 4.64 (1H, d), 5.00 (3H, br), 5.83 (1H, s), 6.13 
45 (2H, bs), 6.49 (2H, bs), 6.62 (2H, q), 8.44 (3H, s), 8.58 (3H, s), 45 

8.91 (3H,0 

The thus obtained monohydrate was neutralized with an aqueous sodium hydrogen- 
carbonate solution, and then subjected to filtration and fieeze-drying to obtain a sodium 
salt of 6-[D( — )-a-(4-ethyl-2,3-dioxo-l-piperazmocarbonylammo)phenylacetamido]- 

50 penicillanic acid. . ^0 
Further, a solution in 10 ml of nitromethane of 2 g of the aforesaid dihydrate of 
6 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenylacet- 
amido] penicillanic acid was allowed to stand overnight to deposit crystals* which were 
then collected by filtration to obtain 2 g of a monohydrate of a nitromethane addition 

55 product of 6-[D(~)^-(4-methyl-2,3-m^xo-l-piperazmocarbonylamino)phenylacet- 55 
amido]penicillanic acid, m.p. 128— 130°C (decomp.), yield 92.2%. 

Elementary analysis (for C^H^OtS . CH 3 NO a . HaO) : 
Calculated (%) C: 47.42 H: 5.19 N: 14.43 
Found (%) C: 47.94 H: 5.13 N: 14.53 
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NMR (d 0 -DMSO) r values: 0.22 (1H, d), 0.80 (1H, d), 2.69 (5H, s), 3.30 
(3H, br), 4.30 (1H, d), 4.46—4.70 (2H), 5.67 (3H, s), 5.81 (1H, s), 
6.13 (2H,.bs), 6.46 (2H, bs), 7.07 (3H, s), 8.45 (3H, s), 8.58 (3H, s) 

5 Example 24. 

To a suspension of 1.6 g of a trihydrate of D ( — ) -o-aminobenzyl penicillin in 20 5 
ml of water was added at 2° to 3°C 0.54 g of potassium carbonate, and the resulting 
mixture was stirred for 3 minutes. To the mixture was gradually added 0.81 g of 4- 
ethyl-2,3-dioxo-l-piperazinocarbonyl chloride at said temperature over a period of 10 

IQ minutes, and the mixture was reacted for 15 minutes. After the reaction, slight amounts n 
of insolubles formed were separated by filtration* and the filtrate was charged into 10 ml 1U 
of methyl n-propyl ketone. Into the resulting mixture was dropped 1.98 ml of 2N HQ 
at 15° to 20°C over a period of 2 minutes, and the mixture was stirred at said tem- 
perature for 1 hour to deposit crystals. The deposited crystals were collected by filtra- 

15 tion, washed two times with 2 ml of water, further washed two times with 2 ml of , <- 
methyl n-propyl ketone, and then dried to obtain 1.7 g of a monohydrate of D(~)-tx- 
(4-ethyl-2,3-&oxo-l-piperazinoca^ m.p. 152— 154°C 

(decomp.), yield 80.2%. 

The thus obtained product was neutralized with an aqueous sodium hydrogen- 

20 carbonate solution, and then subjected to filtration and freeze-drying to obtain a sodium 20 
salt of the said product. 

Example 25. 

A suspension of 4.0 g of a monohydrate of 7-[D( — )-*-aminophenylacetamido]-3- 
methyl-A 3 -cephem-4-carboxylic acid in 60 ml of tetrahydrofuran containing 20% by 

25 volume of water was adjusted to a pH of 8.0 to 8.5 by gradual addition of triethylamine 

with stirring to form a solution, which was then cooled to 0°C. To this solution were 25 
gradually added 2.5 g of crystals of 4-methyl-2,3-dioxo-l-piperazinocarbonyl chloride 
over a period of 10 minutes. During this period, the pH of the reaction solution was 
maintained at 7.5 to 8.0 by gradual addition of triethylamine. Subsequently, the result- 

30 ing mixture was reacted at 0° to 5°C for 15 minutes while maintaining the pH thereof 

at 7.5 to 8.0. After the reaction, the reaction liquid was stirred together with 60 ml of 30 
diethyl ether and 70 ml of water, and then the aqueous layer was separated off. The 
thus obtained aqueous layer was washed with 30 ml of ethyl acetate, cooled to 0° to 
5°C, and then adjusted to a pH of 1.5 by addition of dilute hydrochloric acid to deposit 

35 white crystals. The deposited crystals were collected by filtration, sufficiently washed 
with water and then dried to obtain 4.7 g of white crystals of 7 - [D(— ) - «- 
(4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenylacetamido] - 3 - methyl- 
A 3 - cephem - 4 - carboxylic acid, m.p. 185 — 186°C (decomp.), yield 86%. 



35 



IR (KBr) cm- 1 : v Ca0 1770—1760 (lactam), 1720—1660 (— CON<, — COOH) 
40 NMR (d 0 -DMSO) r values: 0.1 (1H, d), 0.56 (1H, d), 2.62 (5H, s), 426—4.37 

(2H, dd), 5.05 (1H; d), 6.1 (2H, bs), 6.47 (2H, bs), 6.63 (2H, s), 40 
7.05 (3H,s), 8.02 (3H,s) 

The above-mentioned operation was repeated, except that the 4-methyl-2,3-dioxo- 
1-piperazinocarbonyl chloride was replaced by each of the reactive derivatives of com- 
45 pounds of formula (III) shown in Table 21, to obtain respective objective compounds 

as shown in Table 21. The structure of each objective compound was confirmed by IR 45 
and NMR. 
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Example 26. 

(1) To a solution of 0.92 g of l-n-pemyl-2,3-dioxo-piperazine in 15 ml of 
anhydrous dioxane were added 1.1 ml of triethylainine and 1.08 g of trimethylsiiyl 

5 chloride* The resulting mixture was stirred at room temperature for 20 hours to form 

5 triethylamine hydrochloride. This hydrochloride was separated by filtration, and the 5 
filtrate was dropped at 0° to 5°C into a solution of 0.6 g of phosgene in 10 ml of 
anhydrous tetrahydrofuran. Subsequently) the resulting mixture was reacted at 5° to 
10°C for 30 minutes and then at room temperature for 2 hours. Thereafter, the solvent 
was removed by distillation under reduced pressure to obtain 1.21 g of pale yellow, 

10 oily 4-n-pentyl-2,3-dioxo-l-piperaz!nocarbonyl chloride. 10 

IR (film) cm- 1 : v c=0 1790, 1720—1665 

(2) A suspension of 1.70 g of a monohydrate of 7-[D( — )^a-aminophenylacet- 
amido]-3-methyl-A 8 -cephem-4-carboxylic acid in 50 ml of tetrahydrofuran containing 

20% by volume of water was adjusted to a pH of 8.0 to 8.5 by addition of triethylamine 15 

15 with stirring to form a solution. This solution was cooled to 0° to 5°C, and 7 ml of an 
anhydrous tetrahydrofuran solution containing 1.21 g of the 4-n-pentyl-2,3-dioxo-l- 
piperazinocarbonyl chloride obtained in (1) was dropped into the solution. During this 
period, the pH of the solution was maintained at a pH of 7.5 to 8.0 by addition of tri- 
ethylamine. Subsequently, the resulting mixed solution was reacted at 0° to 5°C for 1 20 

20 hour and then at 5° to 10° C for 2 hours while maintaining the pH thereof at 7.5 to 8.0. 
After the reaction, the tetrahydrofuran was removed by distillation under reduced 
pressure, and the residue was dissolved in 20 ml of water and then washed two times 
with 20 ml of ethyl acetate. The aqueous layer was again charged with 40 ml of ethyl 
acetate, and then adjusted to a pH of 1.5 by gradual addition of dilute hydrochloric 25 

25 acid with ice-cooling. Subsequently, the ethyl acetate layer was separated off, washed 
with water, and then dried over anhydrous magnesium sulfate. Thereafter, 10 ml of an 
ethyl acetate solution containing 0.75 g of sodium 2-ethylhexanoate was dropped into 
the layer at 0° to 5°C to deposit white crystals. The deposited crystals were col- 
lected by filtration, and washed with ethyl acetate and then with diethyl ether to obtain 30 

30 1.95 g of a sodium salt of 7 - [D(-) - « - (4 - n - pentyl - 2,3 - dioxo - 1 - piper- 
azinocarbonylamino ) phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 
m.p. 164— 166°C (decomp.), yield 75%. 

IR (KBr) cm- 1 : v c=0 1750 (lactam), 1720—1660 (— CON<), 1590 (—COO©) 
NMR (d 6 -DMSO| + D 2 0) r values: 2.58 (5H, s), 4.33 (1H, s), 4.49 (1H, d), 35 
35 5.17 (1H, d), 6.10 (2H, bs), 6.42—6.87 (6H, m), 8.09 (3H, s), 8.60— 

8.90 (6H, bs), 9.12 (3H, t) 

The above-mentioned operation was repeated, except that the 4-n-pentyl-2,3- 
dioxo-l-piperazinocarbonyl chloride was replaced by each of the reactive derivatives of 
compounds of formula (III) shown in Table 22, to obtain respective objective com- 40 
40 pounds as shown in Table 22. The structure of each objective compound was confirmed 
by IR and NMR. 
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Example 27. 

Using 1.5 g of a hydrochloride of methoxymethyl ester of 7-[D( — )-«-amino- 
phenylacetairudo]-3-rj^thyl-A 8 H^phem-4-carbo^lic acid and 0.65 g of 4-methyl-2,3- 
dioxo-l-piperazinocarbonyl chloride, the same operation as in Example 25 was repeated ? 
5 to obtain 1.6 g of a methoxymethyl ester of 7 - [D(— ) - a - (4 - methyl - 2,3- 5 
dioxo - 1 - piperazinocarbonylaminojphenylacetamido] - 3 - methyl - A 3 - cephem - 4- 
carboxylic acid, m.p. 146— 148°C (decomp.), yield 86%. 

IR (KBr) cm" 1 : v 0=c 1770 (lactam), 1710 (ester), 1680—1600 (— CON<) 

Example 28. 

10 To a suspension of 0.20 g of 7-[D( — )-«-aminophenylacetamido] -3-acetoxy- 10 

methyl-A 3 -cephem-4-carboxylic acid in 15 ml of anhydrous chloroform was added 
0.17 ml of triethylamine with stirring to form a solution, which was then cooled to 0°C. 
To this solution was added 0.11 g of 4-methyl-2,3-dioxo-l-piperazinocarbonyl chloride, 
and the resulting mixture was reacted at room temperature for 2 hours. After the reac- 

15 don, the reaction liquid was evaporated under reduced pressure, and the residue was 15 
dissolved in 15 ml of water. The resulting solution was washed with 10 ml of ethyl 
acetate. The aqueous layer was again charged with 20 ml of ethyl acetate, and then 
adjusted to a pH of 1.5 by addition of 2N hydrochloric acid with ice-cooling. Subse- 
quently, the ethyl acetate layer was separated off, successively washed with water and a 

20 saturated aqueous sodium chloride solution, and then dried over magnesium sulfate. 20 
Thereafter, the solvent was removed by distillation under reduced pressure to obtain 
0.22 g of white crystals of 7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piper- 
a2inocarbonylamino)phenylacetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carb- 
oxylic acid, m.p. 175°C (decomp.), yield 76%. 



25 IR (KBr) cm- 1 : v c=0 1770 (lactam), 1720—1650 (— CON<, — COOH) 

NMR (d a -DMSO) r values: 0.23 (1H, d), 0.63 (1H, d), 2.66 (5H, s), 4.32 
(1H, q), 4.43 (1H, d), 5.05 (1H, d), 5.21 (2H, q), 6.15 (2H, bs), 6.40 
(2H, bs), 6.57 (2H, bs), 7.0 (3H, s), 8.0 (3H, s) 

The above-mentioned operation was repeated, except that the 4-methyl-2,3-dioxo- 
30 1-piperazinocarbonyl chloride was replaced by each of the reactive derivatives of com- 
pounds of formula (III) shown in Table 23, to obtain respective objective compounds 
as shown in Table 23. The structure of each objective compound was confirmed by IR 
and NMR. 
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to fonn a mixed acid anhydride. Into the thus f onned acid anhydride was dropped a 
solution formed by adding 0.50 ml of triethylamihe to a suspension in 5 ml of methanol 
of 0.41 g of 7 - amino - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl]- 

i A 3 - cephem - 4 - carboxylic acid. After the dropping, the resulting mixture was reacted 
5 at -50° to -30°C for 30 minutes, at -30° to -20°C for 30 minutes, at -20° to 5 
0°C for 60 minutes, and then at room temperature for 30 minutes. Thereafter, the reac- 
tion liquid was concentrated under reduced pressure, and the concentrate was dissolved 
in 10 ml of water, washed with 5 ml of ethyl acetate, again charged with 15 ml of ethyl 
acetate, and then adjusted to a pH of 1.5 by addition of 2N hydrochloric acid with ice- 

10 cooling. Subsequently, insolubies were separated by filtration, and the ethyl acetate 10 
layer was separated off, successively washed with water and a saturated sodium chloride 
solution, dried over magnesium sulfate, and then freed from the solvent by distillation 
under reduced pressure to obtain 0.58 g of pale yellow crystals of 7 - [D(— )- 
a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenylacetamido] - 3 - [2- 

15 (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic acid, 15 
m.p. 160°C (decomp.), yield 91%. 

IR (KBr) cm- 1 : v 0 =o 1780 (lactam), 1650—1720 (-CON<, — COOH) 
NMR (d 0 -DMSO) r values: 0.2 (1H, d), 0.6 (1H, d), 2.60 (5H, s), 4.35 
(1H, q), 4.40 (1H, d), 5.0 (1H, d), 5.70 (2H, q), 6.10 (2H, bs), 
20 6.25—6.55 (2H, 2H, bs), 7.0 (3ft s), 7.30 (3H, s) 20 

The above-mentioned operation was repeated, except that the D( — )-&-( 4-methvl- / 
2,3-dioxo-l-piperazinocarbonylamino)phenylacetic acid was replaced by each of the 
compounds of formula (V) shown in Table 24, to obtain respective objective com- 
pounds as shown in Table 24. The structure of each objective compound was confirmed 7 c 
25 by IR and NMR. 
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Example 31. 

Using 0.30 g of D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
amino)phenylacetic acid and 0.34 g of 7 - amino - 3 - [5 - (1,3*4 - thiadiazolyl)- 
thiomethyl] - A 3 - cephem - 4 - carboxylic acid, the same operation as in Example 
5 29 was repeated, to obtain 0.47 g of 7- [D( — ) -a- (4 - methyl - 2,3 - dioxo - 1- 5 
piperazinooubonylamino)phenylacetamido] - 3 - [5 - (1,3,4 - thiadiazolyl) - thio- 
methyl] - A 3 - cephem - 4 - carboxylic add, m.p. 158 — 159°C (decomp.), yield 
71.5%. 

IR (nujol) cm" 1 : VOs30 1775 (lactam), 1720^-1660 (— CON<, — COOH) 

10 The above-mentioned operation was repeated, except that the D( -) - a- 10 

(4 - methyl - 2,3 - dioxo - 1 - pipera2inocOTonylamino)phenyIacetic acid was 
replaced by D( - ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
phenylacetic acid, to obtain 7 - [D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piper- 
azinocarbonylamino)phenykcetamido] - 3 - [5 - (1,3,4 - thiadiazolyl) - thiomethyl]- 

15 A 3 - cephem - 4 - carboxylic acid, m.p. 123°C (decomp.), yield 64.5%. 15 

Example 32. 

Using 0.31 g of D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
amino^phenylacetic acid and 0.39 g of 7 - amino - 3 - [2 - (1 - methyl - 1,3,4- 
triazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic acid, die same operation as in 
20 Example 29 was repeated, except that the methanol was replaced by anhydrous methyl- 20 
ene chloride, to obtain 0.43 g of 7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1- 
piperazinocarbonylamino)phenylacetamido] - 3- [2 - (1 - methyl - 1,3,4 - triazolyl)- 
thiomethyl] - A 3 - cephem - 4 - carboxylic acid, yield 70%. 

IR (Nujol) cm- 1 : v c=0 1780 (lactam), 1720—1650 (— CON<, —COOH) 

25 The above-mentioned operation was repeated, except that the D( — )-a-(4-methyl- ^ 

2,3-dioxo-l-piperazinocarbonylamino)phenylacetic acid was replaced by each of die 
compounds of formula (V) shown in Table 26, to obtain respective objective com- 
pounds as shown in Table 26. The structure of each objective compound was confirmed 
bylRandNMR. 
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Example 35. 

(1) To a suspension of 0.9 g of D( — )-<r-alanine in 15 ml of water was added 
2.05 g of triethylamine to dissolve D( - )-<r-alanine in water, and the resulting solution 
was cooled to 0°C. To the solution was added 2.3 g of 4-memyl-2,3-dioxo-l-piperazino- 
5 carbonyl chloride over 15 minutes, after which reaction was effected for 30 minutes 5 
with ice-cooling. Dilute hydrochloric acid was then added to the reaction product to 
adjust the pH thereof to 2.0. The water was removed by distillation under reduced 
pressure, and 30 ml of acetone was added to the residue, after which insolubles were 
filtered off. To the resulting acetone solution was added 10 ml of an acetone solution 
10 of 1.6 g of a sodium salt of 2-ethylhexanoic acid, and the deposited crystals were col- 10 
lected by filtration, and dried to obtain 2.1 g of a sodium salt of D( - )-<*-(4-methyl- 
2,3^iioxo-l-pipera2inocarbonylamino)propionic acid having a melting point of 115 — 
8°C (decomp), yield 78.5%. 

IR (KBr) cm- 1 : v c=0 1700, 1680, 1600 (-CON<, —COO©) 

15 (2) In the same manner as in Example 32, 7 - [D(-) - a - (4 - methyl- 15 

2,3 - dioxo - 1 - piperazinocarbonylamino)propionamido] - 3 - acetoxymethyl - A 3 - 
cephem - 4 - carboxylic acid was obtained from a sodium salt of D(-) -a- (4- 
methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)propionic acid and 7 - amino - 3- 
acetoxymethyl - A 3 - cephem - 4 - carboxylic acid. The thus obtained product was 

20 dissolved in 20 ml of acetone, and a solution of 0.65 g of a sodium salt of 2-ethylhexa- 20 
noic acid in 5 ml of acetone was added to the resulting solution. The deposited crystals 
were collected by filtration and dried to obtain 1.2 g of sodium salt of 7 - [D( — ) -a- 
(4 - methyl - 2,3 - dioxo - piperazinocarbonylamino)propionamido] - 3 - acetoxy- 
methyl - A 3 - cephem - 4 - carboxylic acid having a melting point of 195 °C 

25 (decomp.), yield 67.7%. 25 

IR (KBr) cm- 1 : v 0=0 1780 (lactam), 1710—1660 (— CON< ), 1600 (—COOS) , 

Example 36. 

In the same manner as in Example 32, 7 - [D(«-) - a - (4 - methyl - 2,3- 
dioxo - 1 - piperazmocarbonylamino) - p - hydroxyphenylacetamido] - 3 - [5 - (1- 
30 methyl - 1,2,3,4 - tetrazolyi) - thiomethyl] - A 3 - cephem - 4 - carboxylic acid was 30 
obtained from 7 - amino - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyi) - thiomethyl] - 
A 3 - cephem - 4 - carboxylic acid and D( - ) - a - (4 - methyl - 2,3 - dioxo - 1- 
piperazmocarbonylamino) - p - hydroxyphenylacetic add. 

Melting point (decomp.), 147— 9°C; yield, 62.0%. 

35 IR (KBr) cm" 1 : vo=o 1765 (lactam), 1720—1660 (— CON<, — COOH) 35 

Example 37. 

In the same manner as in Example 29, 7 - [D( - ) - a - (4 - methyl - 2,3- 
dioxo - 1 - piperazmocarbonylamino)phenylacetamido] - 3 - azidomethyl - A° - cephem- 
4 - carboxylic acid was obtained from D( - ) - a - (4 - methyl - 2,3 - dioxo - 1- 
40 piperazmocarbonylamino)phenylacetic acid and 7 - amino - 3 - azidomethyl - A 3 - 40 
cephem - 4 - carboxylic add. 

Melting point (decomp.), 185— 8°C; yield, 68.0%. 

IR (KBr) cm- 1 : v 0=0 1775 (lactam), 1720—1660 (— CON<, — COOH) 
vN 8 2090 

45 Example 38. 45 

In 10 ml of a phosphoric add buffer solution of a pH of 6.3 was suspended 0.57 g 
of 7 - [D( - ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino )phenyl- 
acetamido] - 3 - acetoxymethyl - A* - cephem - 4 - carboxylic acid, and 0.07 g of 
sodium hydrogencarbonate was dissolved therein. To the solution was then added 0.12 g 

50 of l-memyl-5-mercapto-l,2,3,4-tetrazole to dissolve the latter in the former, and the 50 
solution was subjected to reaction for 24 hours while maintaining the pH of the solution 
at 6.5 — 6.7 by using dilute hydrochloric acid and sodium hydrogencarbonate. After the 
reaction, the reaction liquid was cooled, and then adjusted to a pH of 5.0 by adding 
dilute hydrochloric add. The reaction liquid was sufficiently washed with ethyl acetate, 
after which the aqueous layer was separated off and then adjusted to a pH of 1.5 by 55 
adding dilute hydrochloric acid thereto. The deposited crystals were collected by filtra- 
tion and dried, after which the dried crystals were washed with ethyl acetate to obtain 
0.40 g of 7 - [D( -)-<*- (4 - ethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)- 
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phenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl)thiomethyI] - A 3 - 
cephcm - 4 - carboxylic acid, m.p. 163— 165°C (decomp.), yield 74.5%. 

IR (KBr) cm" 1 : v c=0 1775 (lactam), 1720^-1660 (— CON<, — COOH) 
NMR (d e -DMSO) r values: 0.18 (1H, d), 0.55 (1H, d), 2.64 (5H, s), 4.3 
5 (1H, q), 4.4 (1H, d), 5.0 (1H, d), 5.75 (2H, s), 6.05 (5H, s), 6.3— 5 

6.8 (6H), 8.92 (3H,t) 

In the same manner as above, the objective compounds shown in Table 29 were 
obtained from 7 - [D( - ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonyl) - 
phenylacetamido] - 3 -acetoxymethyl - A 3 - cephem - 4 - carboxylic acid or 7- 
10 ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenylacetamido]- 10 

3 - acetoxymethyl - A 9 - cephem - 4 - carboxylic add and the compounds of formula 
(VII) shown in Table 29. All the objective compounds were D( - ) isomers, and the 
structure of each objective compound was confirmed by IR and NMR. 
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In the same manner as above, a thiocyanic acid salt of 7 - [D( - ) - a : - (4- 
methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyIacetamido] - 3 - pyndino- 
methyl - A 3 - cephem - 4 - carboxylic acid betaine was obtained from 7 - Pa - )- 
a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenylacetamidol - 3- 
5 acetoxymethyl - A a - cephem - 4 - carboxylic acid and pyridine, said product having 5 
the formula, 



10 



40 



y—e s 

CH.-N N-CONHCHCONHt f 



IHCHCONH-i S \ 

\/ C00H SCN® 



Melting point (decomp.), 180— 185°C; yield, 82.0%. 

In a conventional manner, the above two products were treated with an ion 
exchange resin to obtain the desired 7 - [D( - ) - a - (4 - ethyl - 2,3 - dioxo - 1- 10 
piperazinocarbonylamino)phenylacetamido] - 3 - pyndinomethyl - A 3 - cephem - 4- 
caxboxyhc acid betaine and 7- [D(-) - a- (4 - methyl - 2,3 - dioxo - 1 - piper- 
azinocarbonylamino)phenylacetamidol - 3 - pyndinomethyl - A 3 - cephem - 4 - car- 
boxylic acid betaine. t - 
15 Example 40. ' 15 

In 85 ml of anhydrous methanol was dissolved 1.5 g of a sodium salt of 7- 
[D( - ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenylacetamiao]- 
3 - [2 - (pyridyl - 1 - oxide)thiomethyl] - A 3 - cephem - 4 - carboxylic acid. To the 
resulting solution was added 0.65 g of anhydrous cupric chloride, and the resulting 
20 mixture was stirred at room temperature for 15 minutes and then subjected to reaction 20 
at 50°C for 14 hours. After the reaction, hydrogen sulfide gas was passed through the 
reaction solution with ice-cooling for 20 minutes. The resulting insolubles were filtered 
off, and the filtrate was concentrated under reduced pressure. To the residue was added 
20 ml of a 5% aqueous sodium hydrogencarbonate solution, and the insolubles were 
25 filtered off, after which dilute hydrochloric acid was added to the filtrate to adjust the 25 
pH to 6.5. The filtrate was then washed with 10-ml portions of ethyl acetate ^three times, 
after which the aqueous layer was separated off and then adjusted to a pH of 1.8 by 
adding dilute hydrochloric acid thereto. The thus deposited crystals were collected by 
filtration and then dried under reduced pressure and washed with 20 ml of an ethyl 
30 acetate-chloroform mixed solvent (1:1 by volume) to obtain 0.40 g of 7- 
TD( - ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylammo)phenylacetamidoJ- 
3 - methoxymethyl - A 3 - cephem - 4 - carboxylic acid, m.p. 162— 6°C (decomp.), 
yield 30.5%. 

IR (KBr) cm- 1 : v c=s0 1770 (lactam), 1700 (-COOH), 1666 (— CON<) 
35 N^d 6 -DMSO) r values: 0.13 (1H, d), 0.53 (1H, d), 2.61 (5H, s) 4.31 35 

(2H, 2H, 2H, bs), 6.79 (3H, s), 8.89 (3H, t) 



^^ N -|- NH " R - CONH T^^z m 
tR2 RS) - 0 Xov 
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The word * Nujol ' used herein is a Registered Trade Mark. 

WHAT WE CLAIM IS:— 40 
1. A compound represented by the general formula (I), 

<x> n 



wherein R represents an amino acid residue; R 1 represents a hydrogen atom, an ester- 
forming group capable of being removed by catalytic reduction, chemical reduction or 
hydrolysis under mild conditions, an ester-forming group capable of being easily removed 
45 by mammalian enzymic action, a silicon-phosphorus- or tm-containing group which is 45 
capable of being easily removed by treatment with H a O or an alcohol, or a conven- 
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tional salt-forming cation; n represents 1 or 2; nX's, which may be the same or dif- 
ferent, represent individually an oxygen or sulfur atom, and are linked in any combina- 
tion at the 2-, 3- and 5- positions of the piperazine ring; m represents 4-n; each pair 
of R 2 and R 3 in linked to the same carbon atom, and m pairs of R 2 and R 3 , which may 
5 be the same or different, represent individually a hydrogen atom, a halogen atom, a 5 
carboxyl group or an unsubstituted or substituted alkyl, cycloalkyl, aryl, acyl, aralkyl, 
alkoxycarbonylalkyl, acyloxyalkyl, alkoxy, alkoxycarbonyl, cycloaltyloxycarbonyl, 
aralkoxycarbonyl, aryloxycarbonyl, amino or carbamoyl group, any pair of R 2 and R* 
together with a common carbon atom may form a cycloalkyl ring; A represents a 

10 hydrogen atom, a hydroxy group, a nitro group, a cyano group, or an unsubstituted or 10 
substituted alkyl, alkenyl, alkynyl, alkadienyl, cycloalkyl, cycloalkenyi, cycloalkadienyl, 
aryl, acyl, aralkyl, acyloxyalkyl, alkoxy, cycloalkyloxy, aryloxy, alkoxycarbonyl, cyclo- 
alkyloxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, alkylsulfonyl, cycloalkylsulfonyl, 
arylsulfonyl, carbamoyl, thiocarbamoyl, acylcarbamoyl, acylthiocarbamoyl, alkylsulfonyl- 

15 carbamoyl, arylsulfonylcarbamoyl, alkylsulfonylthiocarbamoyl, arylsulfonylthiocarb- 15 
amoyl, sulfamoyl, alkoxycarbonylthioalkyl, alkoxythiocarbonylthioalkyl, amino or hetero- 
cyclic group; Y represents an oxygen or sulfur atom, and 

CH S N CH 2 
Z represents \/ of LcH 2 R<, 



20 



25 



where R represents a hydrogen atom, a hydroxy group, a cyano group, an azido group, 
a quaternary ammonium group, or an unsubstituted or substituted alkoxy, aryloxy, 
araKoxy, acyloxy, carbamoyloxy, guanidino, amino, alkyhhio, arylthio, aralkylthio, 
acyltbio, ttoocarbamoylthio, alkoxythiocarbonylthio, aryloxythiocarbonylthio, cycloalkvl- 
oxytniocarbonylthio, amidinothio or heterocyclylthio group. 

formula^ C ° mp0und accordin S t0 cIaim h wherein R is a group represented by the 



R 
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i 

wherein R» represents a substituted or unsubstituted alkyl, cycloalkyl, cycloalkenyi, 
cycloalkadienyl, aryl, aralkyl, aryloxy, alkylthioalkyl, or heterocyclic woup: and R« 
represents a hydrogen atom; or R' and R« together with a common carbon atom may 
30 form a cycloalkyl, cycloalkenyi or cycloalkadienyl ring. y 30 

3. A compound according to any one of claims 1 and 2, wherein 

v CHa 

> * V . 

/ / \ 

CHa 

4. A compound according to any one of claims 1 and 2, wherein 

\s is C— CHjR*, 

/ // 

35 where R* is as defined in claim 1. 

5. A compound represented by the general formula (la), 35 



158 



1,508,062 



158 



10 



15 



-C0-NM-CH-C0NH-7 r. \ , r „, 

low 



20 



wherein R 1 , R», R s , A and 

\ 

/ 

are as defined in Claim 1 and R 5 is as denned in Claim 2. 
6. A compound represented by the general formula (lb), 



A-N N - ' i>4ri " v-' 1 I I • 



N-CO-NH-CH-CONH "J— f S \ 

wherein R 1 , R 2 , R 3 , A and 



(ib) 



\ 

/ 

are as defined in Claim 1 and R 5 is as denned in Claim 2. 

7. A compound represented by the general formula (Ic), 10 

A-N tl-C0-NH-CH-C0NHy^ 5 \ (uJ 

wherein RSR a ,R 3 , A and 

Z 

/ 

are as defined in Claim 1 and R* is as defined in Claim 2. 

8. A compound represented by the general formula (Id), 15 

o 

a .nT v n -co-nh-ch-conh-i — T S N t!d) 

wherein R 1 , R 3 , R 3 , A and . 

Z 

/ 

are as defined in Claim 1 and R 5 is as defined in Claim 2. 

9. A compound represented by the general formula (Ie), 2C 

o o 

^-CO-NH-CH-CONH -| f S 



A-N >J-C0-NH-CH^UNM j ^ (le) 

2 o A™ 



COOR 1 
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wherein R 1 , R 1 , R% A and ~~~ 

\ 

/ 

are as defined in Claim 1 and R 5 is as defined in Claim 2. 

~» 10 " A com P° und according to Claim 9, wherein A is a hydrogen atom, or a substi- 
5 tuted or unsubstituted alkyl, alkenyl, aryl or aralkyl group;*and R 2 and R s are indi- 5 
vidually a hydrogen atom or an alkyl group. 

11. A compound according to Claim 5, wherein 

CH 3 

Z fs C • 
OH, 

12. A compound according to Claim 6, wherein 

CH, 

10 \ ■» V . ,„ 

< /X CH, . 

13. A compound according to Claim 7, wherein 

CH, 

\ is V . 

/ / \ 

CH, 

14. A compound according to Claim 8, wherein 

CH, 

\ n' V . 

1 5 15. A compound according to Claim 9, wherein 

v CH, 

/ \ 

CH, 

16. A compound according to Claim 9, wherein 

\ 
CH a 

Z is C— CH»R« 



20 



15 



/ // 

in which R 4 is as defined above. 

17. A compound according to Claim 1, wherein R 1 is a hydrogen atom. 20 

18. A compound according to Claim 1, wherein R 1 is selected from ester-fonning 
groups capable of being removed by catalytic reduction, chemical reduction or hydro- 
lysis under mild conditions and ester-forming groups capable of being easily removed 
owing to enzymes in a living body. 

25 19. A compound selected from 25 



45 



50 



60 



10 



16 p ; 1,508,062 160 

■ 6 - [D(— ) - a - (4 - acetyl - 2 - oxo - 1 - piperazinocarbonylamino)phenylacet- 

amido] penicillanic acid, . 

6 - [D( — ) - a - (4 - dichloroacetyl - 2 - oxo - 1 - piperazinocarbonylamino ) - 
phenyhcetamido]peniciIlfmic acid, m ; 

5 6 - [D(— ) - a - (4 - enanthoyl - 2 - oxo - 1 - piperazinocarbonylamino)phenyl- 

acetamido] penicillanic acid, 

6 - [D(— ) - a - (4 - cyclohexanecarbonyl - 2 - oxo - 1 - piperazinocarbonyl- 
amino)phenylacetamido]penicillanic acid, 

6 - [D( - ) - a - (4 - acetyl -3- methyl - 2 - oxo - 1 - piperazinocarbonylamino) - 
to phenylacetamidojpenidllanic acid, . r 

6 - [D(— ) - « - (4 - methanesulfonyl - 2 - oxo - 1 - piperazinocarbonylamino ) - 
phenylacetamidojpenicillanic acid, 

6 - [D(— ) - o - (4 - n - hexyl - 2 - oxo - 1 - piperazinocarbony lamino ) phenyl- 
acetamido]penicillanic acid, t 
15 6 - [D( - ) - a - (4 - n - butyl - 2 - oxo - 1 - piperazinocarbonylamino)phenyl- L ^ 

acetamido]penicillanic acid, 

6 - [D(— ) - a - (4 - n - butyl - 6 - methyl - 2 - oxo - 1 - piperazinocarbonyl- 
amino)phenylacetamido]penicillanic acid, 

6 - [D(— ) - « - (4 - n - octyl - 2 - oxo - 1 - piperazinocarbonylamino) phenyl- ^ 
20 acetamido]penicillanic acid, . 

6 - [D( — ) - « - (4 - pivaloyloxymethyl - 2 - oxo - 1 - piperazinocarbonylammo)- 
phenylacetamido]peniallanic acid, 

5 . [D(— ) - a - (4 - palmitoyi - 2 - oxo - 1 - piperazinocarbonylamino) pheny 1- 

acetamido]penicillanic acid, 2S 
25 6 - [D(— ) - a - (4 - capryloyl - 2 - oxo - 1 - piperazinocarbony lamino )phenyl- 

acetamido]penicillanic acid, t 

6 - [D( - ) - a - (4 - caproyl - 2 - oxo - 1 - piperazinocarbonylamino ) pheny 1- 
acetamido]penicillanic add, 

6 - [D(— ) - « - (4 - chloroacetyl - 2 - oxo - 1 - piperazinocarbonylamino) phenyl- 
30 acetamido]penicillanic acid, . 

6 - [D( - ) - a - (4 - benzoyl - 2 - oxo - 1 - piperazinocarbonylammo)phenyl- 
acetamido]penicillanic acid, 

6 - [D( — ) - a - (4 - p - chlorobenzoyl - 2 - oxo - 1 - piperazinocarbonylamino )- 
phenylacetamido]penicillanic acid, «, s 
35 6 - [D( - ) - a - (4 - p - methoxybenzoyl - 2 - oxo - 1 - piperazinocarbonyl- 

amino)phenylacetamido]penicillanic acid, 

6 - (D(-) - a - [4 - (3,4,5 - trimethoxybenzoyl) - 2 - oxo - 1 - piperazino- 
carbonylamino] phenylacetamidojpenicillanic acid, 

6 - {D( - ) - « - [4 - (2,4 - dicblorobenzoyl) - 2 - oxo - 1 - piperazinocarbonyl- 
40 amino]phenylacetamido}penicillanic acid, 

6 - [D( — ).-«- (4 - acetylaminocarbonyl - 2 - oxo - 1 - piperazinocarbonyl- 
arnino)phenylacetamido]penicillanic acid, 

6 - [D( - ) - « - (4 - phenylaminocarbonyl - 2 - oxo - 1 - piperazinocarbonyl- 
amino)phenylacetamido]penicillanic acid, and m 

6 - [D(— ) - a - (4 - ethoxycarbonyl - 2 - oxo - 1 - piperazinocarbonylammo ) - 
phenylacetamidojpenicillanic acid. 
20. A compound selected from 

6 - [D( -) - a - (4 - methyl - o 3 - oxo - I - piperazinocarbonylamino)phenyl- 
acetamido]penicillanic acid, . cn 

6 - [D(-) - a. - (4 - n - butyl - 3 - oxo - 1 - piperazinocarbonylammo)phenyl- W 
acetamido]penicillanic acid, m 

6 - [D( - ) - a - (4 - ethyl - 3 - oxo - 1 - piperazinocarbonylamino) pheny lacet- 
amido]peniciUanic acid, . N t _ 

6 - [D( — ) - a - (4 - isopropyl - 3 - oxo - 1 - piperazinocarbonylammo)phenyl- 
55 acetarnido]penicillanic acid, . 

6 - [D( - ) - a - (4 - n - pentyl - 3 - oxo - 1 - piperazinocarbonylammo)phenyl- 

acetamido]penicillanic acid, . 

6- [D( — ) (4-iso- pentyl - 3 - oxo - 1 - piperazinocarbony lamino) pheny l- 

acetamido]penicillanic acid, , ^ 

6 - [D( - ) - a - (2 - methyl - 4 - n - butyl - 3 - oxo - 1 - piperazinocarbonyl- 00 
amino ) pheny lacetamido]peniciiIanic acid, 

6 - [D( — ) - a - (4 - n - butyl - 5 - methyl - 3 - oxo - 1 - piperazinocarbonyl- 
amino) pheny lacetamido] penicillanic acid, 

6 _ [D(-) - « - (4 - n - butyl - 6 - methyl - 3 - oxo - 1 - piperazinocarbonyi- 
^5 amino) pheny lacetamido] penicillanic acid, 
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6 - [D(— ) - a - (4 ■ - benzyl - 3 - oxo - 1 - piperazmocarbonylamino) phenylacet- 
amido] penidllanic add, 

6 - [D( - )- a-(4-j8 - hydroxyethyl - 3 - oxo - 1 - piperazinocarbonylamino)- 
phenylacetamidojpenicillanic acid, 
5 6 - [D(— ) - a - (4 - acetyl - 2 - methyl - 3 - oxo - 1 - piperazinocarbonylamino ) - 5 

phenytecetamido] penidllanic acid, 

6 - [D(<- ) - a - (4 - carbamoyl - 2 - methyl - 3 - oxo - 1 - piperazinocarbonyl- 
ammo)phenykcetainidoJpenicillamc acid, 

6 - [D(— ) - a - (3 - oxo - 1 - piperazin()carbonylammo) phenylacetamido] peni- 
10 dllanic acid, 10 

6 - [D(— ) - a. - (2,5 - dimethyl - 3 - oxo - 1 - piperazinocarbonylammo)phenyl- 
acetamido]pemdllamc add, 

6 - [D( — ) - a - (5 - methyl - 3 - oxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] pemcillanic add, 
15 6 - [D(— ) - a - (2 - ethoxycarbonylmethyl - 3 - oxo - 1 - piperazinocarbonyl- 15 

ammo)phenykcetamido]penicillamc add, 

6 - [D(— ) - a - (2 - methyl - 3 - oxo - 1 - piperazinocarbonylamino) phenylacet- 
amido] pemcillanic add, 

6 - [D(-) - a - (4 - ethyl - 3 - oxo - 1 - piperazinocarbonylamino )propion- 
20 amido]penidlIanic acid, 20 

6 - ) - a - (4 - allyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacet- 
amido]penidllanic acid, 

6 - [D( -)-«-(4-«- methylallyl - 3 - oxo - 1 - piperazinocarbonylamino) - 
phenyIacetamido]penicillanic acid, 
"25 * - [D(— ) - « - (4 - £ - methylallyl - 3 - oxo - 1 - piperazmocarbonylamino) - 25 

phenylacetamido]penidllanic acid, 

6 - {D( - ) - a - [4 - (trans - 2 - butenyl) - 3 - oxo - 1 - piperazinocarbonyl- 
ammo]phenylacetamido}penicillamc acid, 

6 - [D(— ) - a - (4 - n - hexyl - 3 - oxo - 1 - piperazinocarbonylamino) phenyl- 
30 acetamido]penidllanic add. - ^ 

5 - [D(— ) - a - (4 - n - heptyl - 3 - oxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] pemcillanic acid, 

6 - [D( _)- a -(4-n- octyl - 3 - oxo - 1 - piperazinocarbonylamino ) phenyl- 
acetamido] r^cillanic add, 

35 6 - [D( — ) - « * (4 - n - dodecyl - 3 - oxo - 1 - piperazinocarbonylamino)phenyl- 35 

acetamido] penidllanic add, 

6 - [D(— ) - a - (4 - cydopentyl - 3 - oxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido]penicillanic add, 

6 - [£)(—) - a - (4 - phenylaminocarbonyl - 3 - oxo - 1 - piperazinocarbonyl* 
40 amino)phenylacetamido]penicillanic add, 40 

6 - [D(— ) - o - (2 - phenyl - 3 - oxo - 1 - piperazinocarbonylammo)phenyl- 
acetamido] penidllanic acid, and 

6 - [D( - ) - a - (4 - morpholinomethyl - 3 - oxo - 1 - piperazinocarbonylamino ) - 
phenylacetamido] penkillanic acid. 
45 21. A compound selected from 45 

6 - [D( — ) - a - (4 - acetyl - 2,5 - dioxo - 1 - pir#razmocarbonylarnino)phenyl~ 
acetamido]penicillanic acid, 

6 - [D(— ) - a - (4 - benzoyl - 2,5 - dioxo - 1 - piperazmocarbonylamino) phenyl- 
acetamidojpenicillanic acid, 
50 6 - [D( - ) - a - (4 - methyl - 2,5 - dioxo - 1 - piperazinocarbonylamino) phenyl- 50 

acetamido] penidllanic acid, and 

6 - [D( — ) - a - (4 - benzyl - 2,5 - dioxo - 1 - piperazinocarbonylaminojphenyl- 
acetamido] penidllanic add. 

22. A compound selected from 
55 6 - [D( - ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )phenyl- 55 

acetamido] penidllanic add, 

6 - [D (—)-« - (4- methyl - 2,3 - dioxo - 1 - piperazmorabonylamino)phenyl- 
acetamidolpenidllanic add, 

6 - [D( - )- a-(4-n - propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )- 
60 phenylacetamido] penidllanic add, 60 

6 - [D(— ) - a - (4 - n - butyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) - 
phenylacetamido] penidllanic add, 

6 - [D( - ) - a - (4 - iso - propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] penidllanic acid, 
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6 <- {D( — ) - a - (4 - acetoxyethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)- 
phenylacetamido] penidManic acid, 

6 - [D(— ) - a - (4 - allyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)phenyl- 
acetamido]penicillanic acid, ' ' * 

5 6 - [D( — ) - a - (4 - phenyl - 2,3 - dioxo - 1 - piperazinocaibonylamino)phenyl- 5 

acetamido] penicillanic acid, 

6 - {D( — ) -« - (4 - /? - chloroethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)- 
phenylacetamido] penicillanic add, 

6 - [D(— ) - a - (6 - methyl - 4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
10 amino)phenylacetamido] penicillanic add, 10 
6 - (D(-) - a - (4,6 - dimethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)- 
phenylacetamido] penicillanic add, 

6 - [D(— ) - a - (4 - n - pentyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) - 
phenylacetamido 1 penicillanic add, - 

6 - [D(— ) - a - (4 - n - hexyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 15 



15 



phenylacetamido] penicillanic acid, 

6 - [D(-) - a - (4 - n - heptyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 



phenylacetamido] penidllanic add, 

6 - [D(— ) - a - (4 - n - octyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
20 phenylacetamido]pemcillam # c add, m 20 

6 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinothiocarbonylamino)- 
phenylacetamido] penicillanic add, 

6 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - p- 
hydroxyphenylacetamidojperiicillamc acid, 
25 6 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo ~ 1 - piperazinocarbonylamino) - p- 25 

hydroxyphenylacetamido]pemdllamc acid, . * « , 

6 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 1,4- 
cydohexadienylaat^mido]pemdllamc add, 

6 - [D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 1,4- 
30 cyclohexadienylacetamidojpenicillamc acid, 30 
6 - [D(— ) - a - (4 - n - propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) - 
1,4 -cyclohexadienylacetamido] penidllanic acid, 

6 - [D( — ) - a - (4 7 n - butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 1,4- 
cyclohexadienykcetamido]pemciUanic acid, 
35 6 - [DL - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 2- 35 

thienylacetamido] penicillanic add, u 

6 - [DL - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 2 - thienyl- 
acetamido] penidllanic add, . 

6 - [DL - a - (4 - n - propyl - 2,3 - dioxo - 1 - piperadinocarbonylamino) - 2- 
40 thienylacetamido] penidllanic add, and 40 
6 - [DL - a - (4 - n - butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 2- 
thienylacetamido] penicillanic acid. 

23. A compound selected from 

6 - [D(— ) - a - (2,2 - pentamethylene - 3,5 - dioxo - 1 - piperazinocarbonyl- 
45 amino) phenylacetamido] penicillanic add, .45 
6 - [D( — ) - « - (3,5 - dioxo - 1 - piperazinocarbonylamino) phenylacetamido ]- 
penidllanic add, 

6 - [D(— ) - « - (2 - methyl - 2 - phenyl - 3,5 - dioxo - 1 - piperazmocarbonyl- 
amino)phenylacetamido] penicillanic add, 
50 6 - [D( — ) - « - (4 - benzyl - 2,2 - pentamethylene - 3,5 - dioxo - 1 - piperazino- 50 

carbonylamino)phenylacetamido] penicillanic acid, 

6 - [D( — ) - a - (4 - - trichloroethoxycarbonyl - 2,2 - pentamethylene- 

3,5 - dioxo - 1 - piperazmocarbonylammo)phenylacetamido]penidUamc acid, and 

6 - [D( — ) - a - (4 - benzyl - 2 - methyl - 2 - phenyl - 3,5 - dioxo - 1 - piper- 

55 azinocarbonylamino)phenylacetamido] penicillanic acid. 55 

24. A compound selected from 

7 _ [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) phenyl- 
acetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic add, 

7 . [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )phenyl- 
60 acetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, , . _ 60 

7 _ [D( — ) - a - (4 - n - propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic add, . 

7 - [D( — ) - a - (4 - n - butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic add, . 
65 7 _ [D(-) - a - (4 - n - pentyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 



65 
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phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, " " ** 

7 - [D( — ) - u - (4 - n - hexyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)- 
phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 
u 7 , " t D C~) - * - (4 - n - heptyl - 2^ - dioxo - 1 - piperazinocarbonylamino) - 
5 phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 5 
7 - [D(— ) - « - (4 - n - octyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) - 
phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [D(— ) - * - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 
10 7 - [D( — ) - a - (4 - n - propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 10 

phenylacetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [D( — ) - a -(4 - ethyl - 2,3 - dioxo - 1 - pir«razinocarb<mylamino)phenyl- 
acetamido] - 3 - acetoxymethyl - A 5 - cephem - 4 - carboxylic add, 

7 - [D(— ) - « - (4 - iso - propyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)- 
15 phenylacetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 15 
7 - [D(— ) - a - (4 - ethyi - 2,3 - dioxo - I - piperazmothiocarbonylamino)«- 
phenylacetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinothiocarbonylamino)- 
phenylacetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 
20 7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 20 

acetamido] - 3 - [2 - (5 - methyl - 1 ,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem- 
4 - carboxylic acid, 

7 - [D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylammo)phenyl*- 
acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem- 
*25 4 -carboxylic acid, -25 
7 - [D( — ) - a - (4 - n - propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 9 - 
cephem - 4 - carboxylic acid, 
- n 7 - [D(— ) • a - (4 - n - butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 

30 phenylacetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 8 - 30 
cephem - 4 - carboxylic add, 

7 - {D( — ) - a - (4 - phenyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem- 
4 - carboxylic add, 

35 7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 35 

acetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem- 
4 -carboxylic add, 

7 - [D( — ) - a - (4 - ethyl - 6 - methyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
amino)phenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl]- 
4U _ cephem -4 - carboxylic acid, 40 

7 - [D( — ) - a - (4,6 - dimethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
phenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - 
cephem - 4 - carboxylic add, 

7 - — ) - o - (4 - phenyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
45 acetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A° - cephem- 45 
4 -carboxylic acid, 

7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] - 3 - [5 - (1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic 
add, 

50 7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 50 

acetamido] - 3 - [5 - (1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic 
acid, 

7 : [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )phenyl- 
acetamido] - 3 - [2 -*(1 - methyl - 1,3,4 - triazolyl) - thiomethyl] - A 3 - cephem - 4- 
55 carboxylic acid, 55 

7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )phenyl- 
acetamido] - 3 - [2 - (1 - methyl - 1,3,4 - triazolyl) - thiomethyl] - A 3 - cephem - 4- 
carboxylic add, 

7 - [D( — ) - a - (4 - phenyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
60 acetamido] - 3 - [2 - (1 - methyl - 1,3,4 - triazolyl) - thiomethyl] - A 3 - cephem - 4- 60 
carboxylic add, 

7 - [D( — ) - a- (4- methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) pro- 
pionamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic add, 

7 - [D( — ) - a - (4 - methyl - 2^3 - dioxo - 1 - piperazinocarbonylamino) - p- 
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hyoWyphenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl]- 
A 9 - cephem - 4 - carboxylic acid, 

7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - azidomethyl - A 3 - cephem - 4 - carboxylic acid, 
5 7 - [D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phaiyl- 

acetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem- 
4 - carboxylic acid, 

7 . [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem- l 
10 4 - carboxylic acid, m 

7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylaimno)phenyL- 
acetamido] - 3 - [2 - (1,3,4 - triazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic 
acid, 

7 . [D(— ) - o - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
15 acetamido] - 3 - [5 - (1,2,3,4 - tetrazolyl) - thiomethyl] - A 0 - cephem - 4 - carboxylic 1 

aCid, 7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) phenyl- 
acetamido] - 3 - [5 - (1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic 
acid, o 
20 7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 

acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - oxadiazolyl) - thiomethyl] - A 3 - cephem- 
4 - carboxylic acid, , . 

7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylammo^phenyl- 
acetamido] - 3 - [3 - (2,6 - dimethyl - 5 - oxo - 2,5 - dihydro - 1,2,4 - tnazinyl)- 
25 thiomethyl - A 3 - cephem - 4 - carboxylic acid, . N ' , 

7 _ [D( — ) - « - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylammo)phenyl- 
acetamido] - 3 - [2 - (4 - methyloxazolyi) - thiomethyl] - A 3 - cephem - 4 - carboxylic 
acid, 

7 _ [D( — ) - « - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
30 acetamido] - 3 - [2 - (4 - methylthiazotyl) - thiomethyl] - A 3 - cephem - 4 - car- 
boxylic acid, . . 

7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino )phenyl- 
acetamido] - 3 - [2 - (pyridyl - 1 - oxide) - thiomethyl] - A 3 - cephem - 4 - carboxylic 

35 7 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 3 

acetamido] - 3 - (2 - thiazolinylthiomethyl) - A 3 - cephem - 4 - carboxylic acid, 

7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - I - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - [2 - (1 - methylimidazolyl) thiomethyl] - A 3 - cephem - 4 - carboxylic 

40 * 7 - [D( - ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarboriylamino)phenyl- 4 

acetamido] - 3 - (2 - pyrimidinylthiomethyl) - A 3 - cephem - 4 - carboxylic acid, 

7 - [D( — ) - « - (4 - ethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino )phenyl- 
acetaroido] - 3 - [3 - (6 - methylpyridazinyl) - thiomethyl] - A 3 - cephem - 4 - car- 
boxylic acid, . « • \ t_ i a 

45 7 - [D(-) - « - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) phenyl- 4 

acetamido] - 3 - [1 - (4 - methylpiperazino) - thiocarbonylthiomethyl] - A 3 - cephem- 
4 -carboxylic acid, 

7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - [5 - (3 - methylisoxazolyl) - carbonylthiomethyi] - A 3 - cephem - 4- 
50 carboxylic acid, . 

7 _ [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) phenyl- 
acetamido] - 3 - ethoxythiocarbonylthiomethyl - A 9 - cephem - 4 - carboxylic acid, 

7 . [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino )phenyl- 
acetamido] - 3 - pyridinomethyl - A 3 - cephem - 4 - carboxylic acid betaine, and 
55 7 . [D ( — )-<*- (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 

acetamido] • 3 - pyridinomethyl - A 3 - cephem - 4 - carboxylic acid betaine. 

25. A compound selected from , . x 

7 . [D( — ) - a - (4 - ethoxycarbonyl - 2 - oxo - 1 - piperazmocarbonylamino )- 
phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 
60 7 _ [D(— ) - a - (4 - n - hexyl - 3 - oxo - 1 - piperazmocarbonylamino) phenyl- 

acetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 

7 „ [D( — ) - « - (4 - acetyl - 2 - oxo - 1 - piperazmocarbonylamino) phenylacet- 
amido] - 3 - [2 - (5 - methyl - 1,3,4- thiadiazolyl) - thiomethyl] - A 3 - cephem - 4- 
carboxylic acid, 

65 7 - [D( — ) - a - (4 - methanesulfonyl - 2 - oxo - 1 - piperazmocarbonylamino)- ( 
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phenylacetaraido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 8 - 
cephem - 4 - carboxylic acid, 

7 - [D( — ) - a - (4 - methyl - 2 - oxo - 1 - piperazinocarbonylamino)phenyl- 
- acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A° - cephem- 
5 4 - carboxylic acid, 5 
7 - [D( — ) - a - (4 - ethyl - 2 - oxo - 1 - pipera2inocarbonylamino)pheny!acet- 
* amido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4- 

carboxylic acid, 

7 - [D( — ) - a - (4 - acetylaminocarbonyl - 2 - oxo - 1 - piperazinocarbonyl- 
10 amino)phenylacetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl]- 10 
A 3 - cephem - 4 - carboxylic acid, 

7 - [D(— ) - a - (4 - methyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacet- 
amido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 9 - cephem - 4- 
carboxylic acid, 

15 7 - [D(-) - a - (4 - ethyl - 3 - oxo - 1 - piperazinocarl>onylamino)phenylacet- 15 

amido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 8 - cephem - 4- 
carboxylic acid, 

7 - [D( — ) - a - (3,5 - dioxo - 1 - piperazmocarbonylamino)phenylacetamido]- 

3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic 

20 acid, 20 
7 - [D( — ) - a - (4 - acetyl - 2,5 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem- 

4 - carboxylic acid, 

7 - [D(— ) - a - (4 - acetyl - 2 - oxo - 1 - piperazinocarbonylamino ) phenylacet- 
25 amido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4- 25 
carboxylic acid, 

7 - [D(— ) - a - (4 - methanesulfonyl - 2 - oxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - 
cephera - 4 - carboxylic acid, 
30 7 - [D( — ) - a - (4 - methyl - 2 - oxo - 1 - piperazinocarbonylamino) phenylacet- 30 

amido] - 3- [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 9 - cephem - 4- 
carboxylic acid, 

7 - [D(— ) - a - (4 - ethyl - 2 - oxo - 1 - piperazinocarbonylamino)phenylacet- 
amido] - 3 - [5 - (1 - methyl- 1,2,3,4 - tetrazotyl) - thiomethyl] - A 3 - cephem - 4- 
35 carboxylic acid, 35 
7 - [D( — ) - a - (4 - acetylaminocarbonyl - 2 - oxo - 1 - piperazinocarbonyl- 
amino; phenylacetamido] -3 - [5-(l - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - 
A 3 - cephem - 4 - carboxylic acid, 

7 - [D(— ) - a - (4 - methyl - 3 - oxo - 1 - piperazinocarbonylamino )phenylacet- 
4Q amido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazotyl) - thiomethyl] - A 3 - cephem - 4- 40 
carboxylic acid, 

7 - [D(— ) - a - (4 - ethyl - 3 - oxo - 1 - piperazinocarbonylamino ) phenylacet- 
amido] - 3 - [5 - (1 - methyl-1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4- 
carboxylic acid, 

45 7 - [D( — ) - a - (3,5 - dioxo - 1 - piperazinocarbonylamino) phenylacetamido]- 45 

3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic 
acid, and 

7 - [D( — ) - a - (4 - acetyl - 2,5 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
' acetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 9 - cephem- 
50 4 - carboxylic acid. 50 
26. A compound selected from 
pivaloyloxymethyl 6 - [D( — ) - (2- methyl - 3 - oxo - 1 - piperazinocarbonyl- 
amino) phenylacetamido] penicillanate, 

phthalidyl 6 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
55 amino) phenylacetamido] penicillanate, 55 
phthalidyl 6 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
amino ) phenylacetamido ] penicillanate, 

phthalidyl 6 - [D( — ) - a - (4 - iso - propyl - 2,3 - dioxo - 1 - piperazinocar- 
bonylamino ) phenylacetamido ] penicillanate, 
60 phthalidyl 6 - {D( — ) - a - (4 - n - butyl - 23 - dioxo - 1 - piperazinocarbonyl- 60 

amino)phenylacetamido] penicillanate, 

methoxymethyl 6 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazino- 
carbonylamino) phenylacetamido] penicillanate, 

methoxymethyl 6 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
55 amino)phenylacetamido] penicillanate, 65 
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methoxymethyl 6 - [D(— ) - a - (4 - n - butyl - 23 - dioxo - 1 - piperazino- 
carbonylamino )phenylacetamido) penicillanate, 

methoxymethyl 6 - [D(— ) - « - (4 - iso - propyl - 2,3 - dioxo - 1 
carbony lamino )phenylacetamido] penicillanate, 

methoxymethyl 6 - [D(— ) - a - (4 - n 
caxbonylamino)phenylacetamido]penicillanate, 

pivaloyloxymethyl 6 - [D(-) - * - (4 - methyl - 2,3 - dioxo - 1 - piperazino- 
caibonylanuno) phenylacetamido] penicillanate, 

pivaloyloxymethyl 6 - [D(— ) - a - (4 - ethyl - 2,3 
carbony laraino ) phenylacetamido ] penicillanate, 

pivaloyloxymethyl 6 - [D(-~) - a - (4 - n - octyi - 2,3 
carbony lamino ) phenylacetamido] penicillanate, 

fi - pipendinoethyl 6 - [D(-) - « - (4 - methyl - 2,3 - dioxo - 1 - piperazino- 
carbonylamino) phenylacetamido] penicillanate, 

fi - pipendinoethyl 6 - [D(— ) - a - (4 - n - octyl - 2,3 - dioxo - 1 - piperazino- 
caibonylamino)phenylacetamido] penicillanate, 

fi - morpholinoethyl 6 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazino- 
caibonylamino)phenylacetamido] penicillanate, 

fi - morpholinoethyl 6 - [D( —J - « - (4 - n - octyl - 2,3 - dioxo - 1 - piperazino- 
carbonylamino)phenylacetamido] penicillanate, and 

methoxymethyl 7 - [D(— ) - « - (4 - methyl - 2,3 - dioxo - 1 - piperazino- 
carbonylamino ) phenylacetamido ] - 3 - methyl - A 3 - cephem - 4 - carboxylate. 

27. A compound according to Claim 1, 5, 6, 7, 8 or 9, wherein R l is a cation 
capable of forming a non-toxic salt. 

28. A non-toxic salt of a compound according to Claim 19, 20, 21, 22, 23, 24 of 

25. 

29. 6 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
phenylacetamido] penicillanic acid or its non-toxic salt. 

30. 6 - [D(-) - « - (4 - ethyl - 23 - dioxo - 1 - piperazinocarbonylamino)- 
phenylacetamido] penicillanic acid or its non-toxic salt 

31. 6 - [D( — ) - a - (6 - methyl - 4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
amino)phenylacetamido] penicillanic acid or its non-toxic salt. 

32. 6 - [D( — ) - n - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - p- 
hydroxyphenylacetamido] penicillanic acid or its non-toxic salt 

33. 7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)- 
phenylacetamido] - 3 - [5 - (1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4- 
carboxylic add or its non-toxic salt 

34. 7 - [D( - ) - a - (4 - methyl - 23 - dioxo - 1 - piperazinocarbonylamino )- 
phenylacetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - 
cephem - 4 - carboxylic acid or its non-toxic salt 

35. 7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
phenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - 
cephem - 4 - carboxylic acid or its non-toxic salt 

36. 7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) - 
phenylacetamido] - 3 - [2 - (1 - methyl - 1,3,4 - triazolyl) - thiomethylj - A 3 - cephem- 
4 - carboxylic acid or its non-toxic salt 

37. 7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid or its non- 
toxic salt 

38. 7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
p - hydroxyphenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thio- 
methyl] - A 3 - cephem - 4 - carboxylic acid or its non-toxic salt . 

39. 7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A a - 
cephem - 4 - carboxylic acid or its non-toxic salt. 

40. A process for producing a compound represented by the general formula (I), 
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wherein R, A, X, n, m, R u R 2 , R* Y and Z are as herein defined which comprises 
reacting a compound represented by the general formula (II), 



R'-HH-R-CONH-^S 

0 COOR t 



wherein R r represents a hydrogen atom, a silicon or phosphorous containing group, 
5 which is capable of easy removal by treatment with water or an alcohol; R, R 1 and 5 

\ 

/ 

are as defined above, with a reactive derivative in the (thio)carboxyl group of a com- 
pound represented by the general formula (III), 

<X) n 

A-N'f^N-C-OH mi) 

HO wherein A, X, Y 5 R ! , R a , n and m are as defined above. 10 
41. A process for producing a compound represented by the general formula (I), 

A-<V-f- MH - R - C0NH T~f S \ (I) 

« R n,i My , 

" COOR' 

wherein A, Y, R, R>, R», R>, X, 

\ 

/ 

15 n and m are as defined in Claim 40, which comprises reacting a compound represented i s 
by the general formula (IV), * 10 

R T - HN — i 

V z , 

COOR 1 



wherein R l , R 7 and 



/ 



20 are as defined in Claim 40, with a compound represented by the general formula (V), 20 

< (x »n 

^W-f-NH-R-C-OH (V) 
m 



wherein A, R, R 2 , R 3 , X, Y, n and m are as defined in Claim 40, or with a reactive 
derivative in the carboxyl group of the compound of formula (V). 

42. A process for producing a compound represented by the general formula (P), 
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tx» n 



- NH-R - CONH —i ( >| 

<R* * 3 >m <f Y , 

C00R 1 



wherein A, R, R 1 , R a , R 3 , X, Y, n and m are as defined in Claim 1 and R 4a represents 
a cyano group, an azido group, a quaternary ammonium group, or a substituted or 
unsubstituted alkoxy, aryloxy, aralkoxy, acyloxy, carbamoyloxy, guanidino, amino, 
5 alkylthio, arylthio, aralkylthio, acylthio, thiocarbamoylthio, alkoxythiocarbonylthio, aryl- 5 
oxythiocarbonylthio, cycloalfyloxythiocarbonylthio, amidinothio, or heterocyclykhio 
group, which comprises reacting a compound represented by the general formula (VI), 

(X>n 

A . N / "*~Vc -NH-R -CONH T— fS 

wherein B represents a substituent capable of being easily replaced by a nucleophilic 
10 reagent; and A, R, R 1 , R 8 , R 3 , X, Y, n and m are as denned in Claim 40, with a com- 10* 
pound represented by the general formula (VII), 

R a M (VII) 

wherein M represents a hydrogen atom, or an alkali metal or alkaline earth metal atom; 
and R 8 represents a cyano group, an azido group or an organic group linked through 
15 O, N or S, or with a tertiary amine. 15 
43. A process according to Claim 40, 41 or 42, wherein R is a group represented 
by the formula, 

R a 

I 

in which R* is as defined in claim 2. 
20 44. A process according to Claim 40 or 41, wherein 20 

CH 3 

\ is V . 

/ / \ 

CHa 

45. A process according to Claim 40 or 41, wherein 

^CH, 

Z is c— CH 2 R« 

/ // 

in which R 4 is as defined in Claim 40. 
25 46. A process according to Claim 40 or 41, wherein R is 25 

— CH— 

A- 

in which R 3 is as defined in Claim 43, n is 1, m is 3, and X is an oxygen atom linked to 
the carbon atom at the 2-position of the piperazine ring. 
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47. A process according to Claim 40 or 41, wherein R is 

— CH— 



J, 



in which R 3 is as defined in Claim 43, n is 1, m is 3 and X is an oxygen atom linked 
to the carbon atom at the 3-position of the piperazine ring. 
5 48. A process according to Claim 40 or 41, wherein R is 



— CH— 



10 



in which R 5 is as defined in Claim 43, n is 2, m is 2 and the two X's are oxygen atoms 
linked to the carbon atoms at the 2- and 5-positions of the piperazine ring. 
49. A process according to Claim 40 or 41, wherein R is 

— CH— 10 



A- 



in which R 3 is as defined in Claim 43, n is 2, m is 2 and the two X's are oxygen atoms 
linked to the carbon atoms at the 3- and 5-positions of the piperazine ring. 
50. A process according to Claim 40 or 41, wherein R is 

— CH— 



15 in which R 3 is as defined in Claim 43, n is 2, m is 2 and the two X's are oxygen atoms 15 
linked to the carbon atoms at the 2- and 3-positions of the piperazine ring. 
5 1. A process according to Claim 42 or 45, wherein R is 

— CH— 



in which R 3 is as defined in Claim 43; n is 2; m is 2; and the two X's are oxygen 
20 atoms linked to the carbon atoms at the 2- and 3-positions of the piperazine ring. 20 
52. A process according to Claim 46, wherein 

CH 3 

\ V/ 

Z is C . 
' /N CH. 
53. A process according to Claim 47, wherein 

CH, 

N Z is C 
' /N CH. 
25 54. A process according to Claim 48, wherein 

CH, 



25 



Z is C 

/ / \ 



CH, 
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55. A process according to Claim 49, wherein 

CH, 

\ i. V . 

y /N CH. 

56. A process according to Claim 50, wherein 

V CHa 

y* v . 

5 57. A process according to Claim 40, 41 or 42, wherein A is a hydrogen atom, or 5 

a substituted or unsubstituted alkyl, alkenyl, aryl or aralkyl group; and R* and R are 
individually a hydrogen atom or an alkyl group. 

58. A process according to Claim 40 or 41, wherein R is 



10 




n is 2; m is 2 and two X's are oxygen atoms linked to the carbon atoms at the 2- and 10 
3-positicms of the piperazine ring, each pair of R 2 and R a , which may be the same or 
different, are individually a hydrogen atom or a methyl group, A is a methyl or ethyl 
group, R 1 is a hydrogen atom or a cation capable of forming a non-toxic salt and 

CHa \ T 

\ \ / or 

Z is C L-CH 2 RS 

X ' X CHa // 

15 in which R 4 is an acetoxy, 5 - (2 - methyl - 1,3,4 - thiadiazolyl) - thio, 5 - (1,3,4- 15 
thiadiazolyl) - thio, 2 - (1 - methyl - 1,3,4 - triazolyl) - thio, 5 - (1 - methyl - 1,2,3,4- 
tetrazolyl) - thio or 5 - (1,2,3,4 - tetrazolyl) - thio group. 
59. A process according to Claim 42, wherein R is 

-CH- -CH- 



20 n is 2, m is 2; two X's are oxygen atoms linked to the carbon atoms at the 2- and 3- 20 
positions of the pirjerazine ring; each pair of R 2 and R 3 , which may be the same or 
different, are individually a hydrogen atom or methyl group; A is a methyl or ethyl 
group; and R l is a hydrogen atom or a cation capable of forming a non-toxic salt. 

60. A process according to Claim 42, wherein R« and R 8 are the same and selected 

25 from, 5 - (2 -methyl - 1,3,4 - thiadiazolyl) - thio, 5 - (1,3,4 - thiadiazolyl) - thio, 25 
5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thio, and 5 - (1,2,3,4 - tetrazolyl) - thio 
groups. 

61. A process according to Claim 40 or 41, wherein R 7 is a hydrogen atom. 

62. A process according to Claim 40, 41 or 42, wherein R 1 is a cation capable of 

30 forming a salt. 3C 

63. A process according to Claim 62, wherein the salt is a non-toxic salt. 

64. A process according to Claim 40, 41 or 42 wherein R 1 is .selected from the 
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group consisting of ester-forming groups capable of bang removed by catalytic reduc- 
tion, chemical reduction or hydrolysis under mild conditions and ester-forming groups 
capable of being easily removed owing to enzymes in a living body. 

? 65. A process according to Claim 40 or 41, wherein fc.it a trialkylammonium. 

5 66. A process according to Claim 40, wherein the reactive derivative in the (thio)- 5 

carboxyl group of a compound of formula (III) is an acid halide. 

« 67. A process according to Claim 41, wherein the reactive derivative in the carboxyl 

group of a compound of formula (V) is a mixed acid anhydride. 

68. A process according to Claim 40 or 41, wherein the reaction is carried out in 

10 the presence of an acid-binding agent 10 

69. A process according to Claim 41, wherein the reaction is carried out in the 
presence of a dehydrating condensing agent. 

70. A process according to Claim 40 or 41, wherein at least one of R 1 and R' is a 
silicon, or a phosphorus containing group capable of easy removal by treatment with 

15 water or an alcohol. !5 

71. A process according to Claim 40 or 41, wherein the reaction is carried out at 
a temperature of —60° to .+ 80°C. 

72. A process according to Claim 42, wherein B is a halo-substituted or unsubsti- 
tuted lower alkanoyloxy group. 

20 73. A process according to Claim 42, wherein B is an acetoxy group. 20 

74. A process according to Claim 42, wherein R 8 is an organic group linked 
through O or S. 

75. A process according to Claim 42, wherein the compound (VII) is selected 

* from 



N-N N- N N- N N-N N-N 

* Us-. „> l, u . u . u 



SH 



CH, 



ix,-<% m \i XI Ci 



CH. 
1 

r~ N I " 1 N y~ N f - >^ 

[ Jl IL N ^~ SH ' ^_ N ^" SH ' NqNj ' CH 3 N > N-C-SNa, 

' SH, S 



25 



CH, 



N-0 



C-SNa, 

0 

O 



C 2 H 5 0-C- SNa , and CH 3 0H. 
S 



76. A process according to Claim 42, wherein the tertiary amine is pyridine. 
*30 77. A process according to Claim 42, wherein the reaction is carried out in a 30 

polar solvent at a pH of 2 to 10. 

78. A process according to Claim 42, wherein the reaction is carried out at a tem- 
perature of 0° to 100°C 

79. A process according to Claim 42, wherein B is a hetero aromatic amine N-oxide 

35 thio group having a thio group on the carbon atom adjacent to the N-oxide in the 35 
molecule, and the reaction is effected in the presence of a cupric compound. 

80. A pharmaceutical composition containing as an active ingredient the compound 
as claimed in Claim 1. 
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